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ABSTRACT 
Forage Quality Comparison Between Burned and Nonburned 
Aspen Communities 
Deborah L. Blank, Master of Science 
Utah State University 
Major Professor: Philip J. Urness 
Department: Range Science 
viii 
The objectives of thi s study were to assess the effects of 
prescribed burning on herbaceous and browse forage quality in the aspen 
forest type for elk and domesti c sheep. 
Plant samples of selected forage species were taken from burned 
and nonburned plots within thr ee different prescribed burn s in 
southeastern Idaho. These samples were analyzed for in vitro dry 
matter digestibility, crude protein, calcium and phosphorus. Data were 
analyzed using the analysis of variance. 
There was little improvement in forage quality as a result of 
prescribed burning, with some redu ction in quality in 1983 exhibited by 
pinegrass (Calamagrostis rubescens). Aspen on August 2 , 1982 had 
improved elk IVDMD and Ca/P ratios, crude protein and phosphorus levels 
and decreased calcium content on the burned versus the nonburned areas . 
By August 22, 1982, only cr ude protein levels were improved. All of 
the shrubs analyzed for that date had improved crude protein levels on 
the burned versus the nonburned areas, but only serviceberry had higher 
phosphorus levels. 
In 1983, none of the shrubs or forbs had improved fo rage quali ty. 
ix 
Pinegrass decreased in IVDMD and c rude protein on the burned areas, 
possibly due to a more rapid maturation and increased seed production. 
Other benefits from prescribed burning included a changing species 
composition from dense shrub matts to more palatable and nutritious 
forbs that are not found on unburned areas . This reduction in shrubs 
also led to greater access of animals to available forage. 
The aspen type was shown to have a nutritious and valuable 
understory, irrespective of prescribed burning. 
(74 page s) 
INTRODUCTION 
Quaking aspen (Populus tremuloides) is the most widely distributed 
deciduous tree in North America, occupying approximately 3 million 
hectares in the western United States (Green and Van Hooser 1983). 
This type is usually a conspicuous element at lower and middle 
elevations, where it often forms a transition zone between shrub 
rangelands and conifer forests. Aspen-dominated sites are generally 
regarded as prime multiple resource areas. As an important wildlife 
habitat, aspen provides palatable and nutritious browse, and the 
herbaceous understory is more productive and diverse than in coniferous 
stands (Reynolds 1969, Kranz and Linder 1973). This understory is also 
favored by livestock (Cook and Harris 1968). Other multiple resource 
values include excellent watershed protection (Betters 1976, Hronek 
1976), aesthetics and recreation. This western montane type has had 
little commercial value and thus has not been intensively managed, 
unlike the widespread eastern type which has been heavily utilized, 
primarily for pulpwood and chipboard. 
Currently, however, the Intermountain Forest and Range Experiment 
Station and Region 4 of the Forest Service are conducting research on 
aspen regeneration because many aspen stands, especially on big game 
winter ranges in the Intermountain Region, are either mature or 
deteriorating (Krebill 1972). Traditionally, this general decline of 
aspen communities was attributed to excessive utilization of aspen by 
populations of elk (Cervus elaphus) and mule deer (Odocoileus 
hemionus), that congregate on these areas in winter, especially in 
western National Parks (Grimm 1939, Ratcliff 1941, Packard 1942, Gysel 
1960). No t only do wild ungulates consume sprouts that might otherwise 
replace dying overstory, they also cause injuries that presumably 
induce susceptibility of aspen to disease (Krebill 1972). Studies of 
aspen production, using game exclosures, did show an increase in aspen, 
but regeneration was not sufficient t o restore stands to former levels 
(Gruell and Loope 1974). After animals are allowed to graze the area 
again, this amount of reproduction becomes insignificant. Thus, it has 
become obvious that other abiotic and biotic factors are involved. 
Aspen is seral on most sites, and without catastrophic events such 
as cutting, burning, or severe outb r eaks of disease or insects, many 
aspen communities have shifted successionally toward conifers (Mueggler 
197 6) o r brush domination on drier sites . These stands provide 
substantial ly less forage (Kranz and Linder 1973) and water yields 
(Jaynes 1978) than younger, healthier stands. Many biologists believe 
that fire suppression in the last hundred years has had a negative 
impact on aspen establishment and regeneration (Hoff 1957; Morgan 1969; 
Patton and Avant 1970; Houston, 19 73, 1983; Gruel! and Loope 1974) 
causing the total area of aspen to decline. The reintroduction of fire 
by way of prescribed burning is one way of stopping this succession and 
allowing aspen to regenerate from root suckers (up to 125,000 per ha, 
depending on the site, (Jones 1974), more rapidly than conifers can 
invade by seed. Intermittent fires are necessary for the development 
of l arge expanses of seral aspen vegetation, since sucker numbers 
would decline over time by natural thinning and conifers would again 
dominate such sites in 80-400 years without this disturbance (Bartos 
1978). Properly implemented, prescribed burning in the aspen ecosystem 
would result in a mosaic effect, contributing to the enhancement of 
diversity and creation of additional edge. This fire regime would 
provide ungulates abundant browse and a greater total forage resource . 
Other potential benefits of prescribed burning might include the 
reduction of dense, rank and/or overmature growth, stimulation of crown 
or root sprouting, and increase in the nutritional value of the forage. 
The purpose of this study was to contribute to the overall 
information obtained in the parent study (Brown and DeByle 1981) of 
burning in the aspen ecosystem. The specific objective of this study 
was to assess the effects of prescribed burning on herbaceous and 
browse forage quality in the aspen forest type for elk and domestic 
sheep. Samples from selected forage species on burned sites were 
compared to samples of the same species on adjacent unburned sites . 
Objectives and Hypotheses 
Objective .!_: To determine the nitrogen, calcium and phosphorus 
contents of selected species of grasses, £orbs, aspen sprouts and 
shrubs from burned and associated unburned macroplots . 
Hypothesis l: Nutrient levels do not differ significantly in the same 
forages on burned and adjacent unburned aspen sites . 
Objective~ : To compare forage digestibilities (in vitro) of the 
burned sites with those of the unburned sites for two animal species 
(elk and domestic sheep). 
Hypothesis 2: There are no statistically significant differences in 
herbaceous forage or browse digestibility between burned and unburned 
aspen communities. 
LITERATURE REVIEW 
Nutrient Cycling 
The recycling of nutrients by fire has some direct effects on a 
site that may cause many indirect short - and long-term effects . Fire 
converts biomass into gases while releasing tremendous amounts of 
energy and leaving ash with highly concentrated nutrients on the soil. 
In this way, the soil is exposed, heated and enriched. Indirectly, 
through this heat, nutrient release, and fuel consumption, fire will 
affect the on-site flora and fauna as well as the soil . Martin (1981) 
stated that the fate of nutrients depended on the nature of the 
particular nutrients. Most cations stay on the site after a fire, 
while 60-80% of the nitrogen consumed in fuel is lost from the site in 
smoke. Usually, however, more nitrogen is made available on the site 
and may be replaced by increased nitrogen f i xation by soil 
microorganisms on the site (Ahlgren and Ahlgren 1965; Lewis 1964; 
Jorgensen and Wells 1971). Conversely, Vlamis and Cowan (1961) stated 
that the reason nitrogen concentrations increased on a site after a 
fire was due to the nitrogen that was released from vegetation and 
organic matter and returned to the soil in the ash. Stark (1973), in a 
Jeffrey pine (Pinus jeffreyi) forest in California and Sharrow and 
Wright (1977) in a tobosa grassland. in Texas, suggested that fire 
accelerated organic matter decomposition. Christensen (1977) showed 
that burning increased the rate of ammonification and/or nitrification. 
Frequently after a fire, the herbaceous vegetation contains a large 
portion of native legumino~s plants which increase soil nitrogen 
fixation (Lewis and Harshbarger 1976). Fire was also shown to alter 
the soil pH which could either increase or decrease availability of 
phosphorus, nitrogen and various cations depending on initial 
conditions and the nature of the fire-induced pH change (Daubenmire 
1968, Viro 1974, Martin 1981). McKee (1982) showed that prescribed 
burning consistently increased the amount of available phosphorus. 
Another important indirect effect of fire is enhanced nutrient 
availability. By eliminating plants, competition for nutrients and 
water among remaining individuals is reduced (Chapin and Van Cleve 
1978). These indirect effects may last for several years and over time 
may be more important in explaining improved plant growth after a fire 
than the direct release of nutrients to soil in ash (Woodmansee and 
Wallach 1978). 
At high available nutrient concentrations, plants exhibit "luxury 
consumption" (Epstein 1972) absorbing nutrients in excess of quantities 
immediately used in growth. The resulting high nutrient status allows 
plants to produce leaves with high photosynthetic rates but which 
require a large nutrient investment per gram of leaf. Production is 
rapid and a high relative growth rate is achieved because of the rapid 
gain of both carbon, from the increased rate of photosynthesis, and 
increased nutrient uptake (Chapin and Van Cleve 1978). This, along with 
the high root-to-leaf ratio, and the increased nutrient absorption per 
unit root (Loneragan and Asher 1967, White 1973) of resprouting species 
are generally responsible for high tissue nutrient concentrations . 
As succession progresses, light and nutrients become limiting to 
growth, and plants must survive the stresses of increased competition. 
It becomes advantageous for the plant to produce leaves with a lower 
nutrient investment per gram of leaf and thus a lower growth rate 
(Mooney 1972, Orians and Solbrig 1977). This results in lowered 
photosythetic rates and lower tissue nutrient content (Chapman and 
Pratt 1961, Odum 1969, Vtousek and Reiners 1975~ 
Rundel and Parsons (1980) concluded that stands at 16 years of age 
represent the peak of productivity in the California chaparral. Their 
rational was based on allocation of nitrogen and phosphorus to 
photosynthetic tissue, which declined sharply in stands after 16 years. 
They suggested that the limited amounts of available nutrients become 
tied up in plant biomass and that fire provides a natural means of 
recycling nutrients. Zinke (1977) concluded that mineral cycling in 
fire-type ecosystems is apparently dominated by periodic ashing of the 
vegetation and organic material on the soil surface. Rundel and 
Parsons (1980) further noted that fires in this vegetation type 
occurred at 15- 20 year intervals, which is reasonably consistant with 
their data on temporal nutrient distributions. 
In contrast, Christensen (1977) hypothesized that the increased 
nutrient concentrations of post-fire sprouts in the California 
chaparral were merely an artifact of a change in the age of the tissue 
sampled. For example, on cut-over, long-leaf pine (Pinus palustris) 
sites in Louisiana, mowing and raking away biomass was compared with 
burning (Grelen and Epps 1967). Yields and nutrient contents of 
forages on the two treatments were almost identical. On another long-
leaf pine plantation, the increase in nutrient concentration of 
sawgrass (Cladium iamaicense) leaves following burning was comparable 
to that of plants that were simply clipped. The young leaves and stems 
had relatively small amounts of structural tissue and on a dry-weight 
basis had high concentrations of nutrients associated with metabolism 
(nitrogen, phosphorus and potassium) and low concentrations of 
stucturally bound elements such as calcium (Milthorpe and Moorby 1974, 
Chapin et al. 1975). Reynolds and Sampson (1943) showed that chaparral 
sprouts in California contained more water, minerals and protein than 
older uncropped shrubs. New growth of forage plants, including woody 
browse plants, is generally less fibrous and more palatable than mature 
growth. This is especially true in post-burn vegetation where all 
vegetation is regrowth, which does not have to compete with existing 
mature vegetation. Whatever the case, these immediate but short-term 
increases are available to herbivores on a fairly consistent basis in 
types, such as ponderosa pine (Pinus ponderosa) that burn frequently. 
Even though the entire forest floor may not have burned, there are 
nutritious patches of forage scattered throughout (Severson and Medina 
1983). 
Almost all of the following studies comparing burned and unburned 
communities demonstrate this short-term increase of nutrients. Many of 
them reported increases in nutrient levels following the burn with a 
decline to preburn levels in one to three years, suggesting that these 
decreases in rates of nutrient uptake, tissue nutrient concentration 
and relative growth rates are fairly rapid as succession proceeds. Most 
of these studies reported changes in crude protein, phosphorus, and 
calcium levels, bu t few dealt with digestibility or fiber contents of 
forage. The reason for this is that crude protein and phosphorus are 
generally considered the most limiting nutrients for ungulates 
(Shepherd et al. 1953, Dietz et al. 1962, Dietz 1965, 1972; Wallmo et 
al. 1977). Yet the nutritive value of a forage is a function of its 
chemical content and its digestibility (Hale et al. 1962, Van Soest 
1982). A forage could have adequate nutrient levels but be unavailable 
to the ruminant because of low digestibility . Thus to adequately 
analyze the effects of fire on forage quality, digestibility as well as 
nutrient content should be assessed. 
A recent study by Kroneman (1982) found that the increased quality 
of post-burn browse regrowth in west Texas was short lived. Digestible 
organic matter, digestible energy, phosphorus, and crude protein showed 
sharp first - year increases in desert ceanothus (Ceanothus ~), 
mountain mahogany (Cercocarpus mon t anus), and oak (Quercus sp.) 
fo l lowing a burn, but were not evident at the beginning of the second 
growing season . Hilmon and Hughes (1965) also reported short-lived 
increases in the protein content of burned pineland threeawn (Aristida 
stricta) in southern Florida. After three months, there was no 
discernible difference . 
Dewitt and Derby (1955) found higher protein contents in flowering 
dogwood (Cornus florida), round-leaf greenbriar (Smilax rotundifolia) 
and red maple (Acer rubrum) foliage the season following a low-
intensity fire in an eastern Maryland forest. No effects were evident 
the second season . In a high- intensity fire, however, they found 
significant increases in nutrients in these species, as well as in oak 
(Quercus alba) which lasted for at least two years. Another study 
(Stark 1980) reported that slash burning in a Douglas fir (Psuedotsuga 
menziesii) clearcut in Montana, under conditions producing very light 
to light burn intensities (<66°C), resulted in almost no enrichment of 
biologically essential nutrients in the foliage. Studies on the 
Lubrecht Experimental Forest in Montana also in the Douglas fir type 
(Stark and Steele 1977) showed that surface soil temperatures usually 
must reach 300°C for significant releases of nutrients that may show up 
in concentrations in the forage. 
Significant differences in ash, calcium, ether extract, and acid 
detergent fiber contents of browse three years after a spring wildfire 
~- ?' 
in mountain oak shrubs were shown by ~neely and Schemnitz (19!H) in \ 
New Mexico. They found no significant differences, however, in crude 
protein, phosphorus or in vitro digestibility in forages on burned and r 
unburned sites. 
Lay (1957), in an east-Texas pine forest, concluded that burning 
at any season increased protein and phosphoric acid content of browse 
but most of the benefits disappear in a year or two. Leege (1969) found 
significantly higher crude protein levels for serviceberry (Amelanchier 
alnifolia) in Idaho on a spring than on a fall 1967 burn, when measured 
in February 1968. He found lower levels of crude fiber and nitrogen-
free extract on both the spring and fall burns. The only species that 
showed higher phosphorus levels on the burn was ninebark (Physocarpus 
malvaceus). He concluded that nutrient changes brought about by spring 
burning would last for at least two winter-browsing seasons, whereas 
fall burning would only last for one. 
10 
Pearson et al. (1972) reported that crude protein, phosphorus and 
in vitro digestibilities were higher in forages from a burned area of 
ponderosa pine in Arizona the first growing season. Increases in 
digestibilities and phosphorus l evels lasted through the second growing 
season, while increases in protein persisted only through the initial 
growing season. In decadent California chapa rral, Hendricks (1977) 
found that after burning, brush fields produced 800 kg/ha of woody 
browse with a protein content of 6%, compared with 50 kg/ha with a 1% 
/ 
pro tein content before the fire. In pine forests of the Southeast, 
Stransky and Halls (1978) indicated similar improvement in nutrients 
following prescribed burning. Thackston et al . (1982) found that 
leaves of mountain-laurel kalmia (Kalmia latifolia) were higher in 
crude protein, moisture and phosphorus and lower in crude fat and crude 
fiber on burned sites than on unburned sites. They also found no 
apparent differences for nitrogen-free extract, ash and calcium . 
Greene (1935), however, showed that grasses from burned areas contained 
more calcium, protein and phosphorus. This lasted only a few months . 
Einarsen (1946) showed that browse plants in burned areas were higher 
in protein and enabled deer to survive better in winter months, and 
more importantly, to attain significantly greater body size, which is a 
reflection of improved nutritional status . 
Not eve ry study reported increases in forage quality. Hobbs and 
Spowart (1983) found that improvements in forage protein contents and 
digestibility resulting from burning winter range of mountain sheep 
(Ovis canadensis) averaged less than a few percentage points. They did 
find, though, that sheep diets were greatly improved by burning. This 
II 
was achieved through changing patterns of diet selection. Much more 
green gra~s, which had a higher crude protein content than any other 
forage on the site, was chosen. The animals appeared to be able to 
find the grass much more readily on burned plots than on unburned, 
apparently because it was more available. 
Q_, f....V"-r. ~·' ~_j I}~' r 
5'-..,......... ., ~ v~;: . 
Swank (1958), in the Arizona chaparral, found increased protein 
contents from one but not from another, 9-month-old burn. He also 
indicated a higher average protein content in forage plants collected 
in a 5-year - old burn, but not in those from 3- or 8-year-old burns. 
Phosphorus was lower on all of the burns than on the unburned areas. 
These conflicting results reinforce what Bendell (1974) stated, that 
the relationships among burning, release of nutrients, and what may be 
taken up by plants, are very complex. 
Ungulate Response 
Other effects of prescribed burning have greater longevity. Fire 
has the ability to alter quantity and availability of preferred forages 
which are more productive and accessible after a burn (Ffolliott and 
Thill 1977, Lowe et al. 1978). Hilmon and Hughes (1965) indicated that 
removal of dense brush cover permitted growth of herbaceous vegetation, 
resulting in an increased and more diverse food supply. Species that 
are too tall for ungulates to reach before burning frequently resprout 
prolifically. The first year after burning shrubs in northern Idaho, 
all browse was below 2.1 m in height and even the second year 95% of 
the browse was still available to elk, whereas on the unburned plots 
only 28% was available (Leege 1969). Ceanothus seeds, which lie dormant 
12 
in the litter for years, germinate rapidly following fire, and provide 
many new shoots (Curtis 1952, Quick 1959, Pearson et al. 1972). Young 
shoots are much less fibrous and more abundant than older shoots on 
burns and thus deer populations rise on these areas (Asherin 1973, 
Regelin and Wallmo 1978). This response often starts immediately after 
a fire when animals gather on the blackened surface. Komarek (1967) 
noted cases in Africa where native animals were found grazing on 
recently burned areas. Cattle are so attracted to burned areas that 
prescribed fire has been used to develop grazing systems based on 
rotation burning in the Southeast (Duvall and Whitaker 1964). Forage 
preferences of deer were shown by Hines (1973) to be closely linked to 
fiber and protein levels. Studies by Lowe et al. (1978) have shown 
that deer will increase 10-20 fold when forests are burned or logged. 
The areas remain good deer range for at least 20 years (Lyon and 
Stickney 1966). 
Ovulation rates and weights of deer are also higher on burned 
areas (Biswell 1972). Taber and Dasmann (1958) found that burning in 
the California chaparral supplied a great deal of nutritious forage to 
deer whose populations responded with a rapid increase. Cattle spend 
more time grazing on burns and gain more weight than on unburned areas 
(Halls et al 1952, Shepherd et al. 1953, Hilmon and Hughes 1965, 
McGinty et al. 1983). Hines (1973) reported a significant decrease in 
deer weights in Oregon as the seral vegetation developed and deer 
populations increased to a maximum. Leege (1969) found that burned 
shrubs increased in palatability as evidenced by heavier use by elk on 
burned than unburned areas. The increase in palatability was also 
13 
shown by the increase in size of twigs that the elk would brows e . 
White -ta iled deer (Odocoileus virginianus) use was higher on burned 
than unburned aspen areas in heavily wooded northern Wisconsin (Vogl 
1969). Ffolliott and Thill (1977) noted that mule deer, cattle, and 
elk use was higher on clearcuts where slash had been piled and burned 
than in those in which the slash had been piled but not burned. 
The response of ungulates to burned areas generally continues past 
the time that nutrient levels are highest. Kruse (1972) reported that 
elk and mule deer use of a ponderosa pine forest that had been burned 
increased significantly for two years. Elk use leveled off the third 
year, but mule deer us e continued to increase . Roppe and Hein (1978) 
indicated that during winter mule deer and elk used a burned area more 
than an adjacent unburned lodgepole pine (Pinus contorta) stand in 
Colorado eigh t years after a wildfire. In Arizona, Lowe et al. (1978) 
found that use of ponderosa pine forests by mule deer declined during 
summer and fall the first year after a fire, then increased 2 . 5 times 
compared to the control for the rest of the 20-year evaluation period. 
Use by mule deer in the winter and spring also declined the first year, 
returned to cont rol level for a few years, then increased 10 times that 
of the con trol. Use by elk in the summer and fall was similar, but 
winter- spri ng use was higher than the contro l throughout the 20-year 
period, with the highest postfire use at 7 years after burning. 
McCulloch ( 1968) noted higher mule deer use of burned areas in pinyon-
juniper sta nds in northern Arizona . Ages of the burned areas ranged 
from 4-12 years on prescribed burns to 15 years on a wildfire burn . 
Blood (1966) noticed on aerial surveys in Manitoba during February that 
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the greatest elk densities were on areas burned two years earlier. 
Martinka (1976) also found that elk wintering in Montana responded to 
fire by expanding population levels until they hit peak numbers within 
25 years of a major fire. 
So, even though the nutritional benefits of fire are short - lived, 
there are many other positive aspects of habitat change that make 
prescribed burning desirable . Burning would likely be most effective 
in r e latively small pat ches at c lose spacing with some a rea tre ated 
every year or two. This would result in a mosaic of variable-aged 
plant communities that would have maximum edge and habitat diversity 
(Lowe et al. 1978), increased production of preferred forage (McCulloch 
1969, Kruse 1972, Barsch 1977, Davis 1977, Lowe et al. 1978) and 
increased forage diversity (Davis 1977). All of these aspects are 
possible explanations for the long-term attractiveness of burned areas 
to ungulates. 
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STUDY SITES 
Primary study sites were chosen in the Caribou National Forest in 
the Mo ntpelier Ranger District, abou t 30 km west of Afton, Wyoming 
(Figure 1). The sites, ranging in elevation from 2100m to 2300m, are: 
Manning Basin and Snowdrift I and II, located on the Webster range. 
These are three of the study areas selec ted by the Forest Service and 
the Intermounta in Forest and Range Experiment Station for the parent 
study on burning in the aspen ecosystem (Brown and DeByle 1981) . In 
these areas , burning prescriptions were developed and t ested in October 
1981 for several difficult-to-burn aspen communities, and plant samples 
were collected during the summers of 1982 and 1983. The Manning Basin 
fire was a severe fire, burning to mineral soil on many hectares . The 
Snowdrift fires were spotty with patches of litter and organic matter 
remaining throughout . 
Mean annual temp e r a ture, taken at Border, Wyoming, about 25 km 
east of Montpelier, Idaho, is approximately 3.ooc , and the annual 
" precipitation averages 500mm with the highest precipitation occurri ng 
in winter and early summer (Steele et al . 1983). 
Brown et al .(1 983), classified these stands as POTR/AMAL-SYOR 
communities . This type is characterized by the presence of a tall 
shrub layer in which Am~ lan chier alnifolia, Prunus virginiana or 
Sympho ri carpos oreophilus (or any combination) are prominant. The 
herbaceous component of the vegetation is usually dominated by one or 
more of the fol lowin g species: Calamagrostis rubescens, Elymus 
glaucus , Lupinus argenteus, and Geranium viscossissimum (Mueggler and 
Campbell 1982). 
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METHODS 
Plant Sampling 
Composited samples of whole plants and plant parts were hand 
plucked from approximately 25-30 randomly selected plants that 
comprised a majority of the forage species shared in common on burned 
and unburned plots . Nine species in all were collected once a month 
from July through September which provided a seasonal comparison of 
quality in addition to the primary treatment comparison (ie., burned 
vs. nonburned). The shrubs were collected by stripping the leaves and 
terminal segments of current year's growth, while entire plants were 
collected for the grasses and forbs. The samples were weighed in the 
field for calculations of dry matter content and immediately put on ice 
to arrest their physiological processes . The samples were then taken 
to Logan where they were frozen until they could be oven-dried at 50°C 
to a constant weight. After oven - drying, the samples were ground in a 
Wiley mill to pass through a 1 mm screen, and then stored in glass jars 
for later analysis. 
In Vitro .QEy Matter Digestibility 
The Tilley and Terry (1963) technique of determining in vitro dry 
matter digestibility was used with modifications from Moore (1970). The 
procedure consisted of a 48-hour fermentation period in which rumen 
microorganisms from donor animals broke down structural carbohydrates 
into soluble components and a 46-hour stage of protein breakdown by 
incubation in hydrochloric acid-pepsin solution. Inocula of 
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microorganisms from the rumens of elk and sheep (which wer e available 
on the Utah State University campus) were collected in the early 
morning following feeding during the animal's ruminating period. The 
elk were maintained on standard diets of alfalfa hay and balanced 
ration pellets, while the sheep were maintained on alfalfa hay which 
assured relative uniformity of microorganism populations. The first 
year, the rumen fluid was stomach-pumped from one elk. The second 
year, three elk were sacrificed and the entire contents of the rumen 
were taken to the laboratory. The same rumenally fistulated sheep was 
used both years. The fluid, no matter how it was collected, was rushed 
to the laboratory where it was strained through cheesecloth to remove 
solids (Pallesen 1979), and temporarily stored in a large bottle of 
artificial saliva through which carbon dioxide gas was bubbled 
continuously. 
Following the acid/pepsin stage, the contents of each centrifuge 
tube were transferred to previously tared Gooch crucibles, filtered, 
and oven-dried at 105°C . Contents of the crucibles were dried to a 
constant weight and cooled in a desiccator. The apparent 
digestibilities of the individual forage species were calculated by the 
following formula: 
Initial dry matter-(Residual dry matter-Dry matter in blank) 
Initial dry matter 
These digestion coefficients were based on average values of 
replicated tubes (3 per sample) corrected for dry matter in the inocula 
by blank tubes. Outlier values were rejected if one of the three tubes 
had a value that departed more than 5 percentage points from the 
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average of the other two tubes. 
Chemical Analysis 
Three chemicals, nitrogen, calcium and phosphorus, were monitered 
along with the routine dry matter and ash determinations that were 
necessary for assessment of the in vitro digestibilities. The macro-
Kje ldahl technique (A.O.A.C. 1965) was used to determine nitrogen. For 
the determination of calcium and phosphorus, plant samples were ashed 
ove rnight at 500°C, put into solution in an acid medium and then 
filtered . These solutions were then made to volume with distilled 
water. Phosphorus content was determined with a spectrophotometer 
using Harris' (1978) ammmonium molybdate-ANSA method. Calcium was 
determined using the technique of Allen et al. (1974) EDTA titration. 
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STATISTICAL DESIGN 
Analysis of variance was used to determine statistically 
significant differences. The factors included: replications, 
treatments, species and collection dates. Since the burns were too 
small to hold replicated plots within them, the three study sites 
themselves were used as repli cates. The treatment comparison was the 
burned versus nonburned. 
Originally, the statistical design consisted of six dates and nine 
species for two years, but due to sampling difficulties incurred in the 
first year, and laboratory constraints, the major comparison for the 
1982 field season consisted of one date and five species, and the major 
comparison for 1983 consisted of three dates and nine species . The 
five species analyzed for August 22, 19~2 were: aspen (POTR), 
serviceberry (AMAL), snowbrush (Ceanothus velutinus) (CEVE), and 
pinegrass (CARU). The next most valid test for the first field season 
used two dates, August 2 and 22, and two species, aspen and pinegrass, 
to give a preliminary relationship over time. 
The second field season consisted of three dates: July 15, August 
15 and September 15, and nine species. These species included the same 
five species as the first test plus: blue wildrye (ELGL), sticky 
geranium (GEVI), blue lupine (LUAR) and heart -l eaf arnica (Arnica 
co rdif olia) (ARCO). 
To give a year-to-year comparison , the five species from August 
22, 1982 were matched with the same species from August 15, 1983. Even 
though there was a week's difference in time, the phenological s t ates 
2 1 
of the plants were comperable fo r the two years . A comparison using 
aspen and pinegrass for August 2 and 22, 1982 , and July 15 and August 
15 1983 , was also made. 
Additional analyses using the least squares estimator, or in case 
of no overall statistical significance , the Sheffe LSD t est, was used 
t o test for differences between species means (Neter and Wasserman 
19 74) . This was to show possible differences in the r eaction of 
i ndi vidual species t o burning. 
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RESULTS 
Digestibility 
The analysis of variance for the five species collected on August 
22, 1982, showed no significant treatment effects for IVDMD for either 
sheep or elk rumen fluid. Only sheep had significant (p<O.OOl) site 
differences, with Manning Basin having the most digestible forages. 
Both the sheep and elk digestibilities showed significant (p<O.OOl) 
plant species differences. Pinegrass was generally the most digestible 
plant species for both animals, even though aspen in the sheep run was 
just as digestible (Table 1). Chokecherry was significantly less 
digestible than any other species in the sheep run. The rest of the 
shrubs were not different for either the sheep or elk runs. No 
treatment diffe rences were revealed by Sheffe LSD values for individual 
plant species for either the elk or the sheep runs (Table 1). 
Crude Pr otein 
The analysis for crude protein showed a definite treatment effect 
(p ~ 0 . 05) w i th the burned areas having a higher overall crude protein 
content (16.9%) than the nonburned areas (13.8%) . The forages from 
Manning Basin had higher (p(0.001) crude protein levels than Srtowdrift 
I or II. There was also a highly significaat species effect (p<O.OOl) 
wi t h the shrubs having a higher crude protein content than pinegrass, 
but differences amoag shrubs were aot sigaificaat (Table 2). Whert the 
LSD was applied to the treatment x species means, all of the shrubs on 
the burn had significantly higher crude protein contents than those on 
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Table 1. Percent sheep and elk IVDMD of various forages with all three 
sites pooled, Aug . 22 , 1982. 
Species Treatment 
POTR B 
NB 
CEVE B 
NB 
AMAL 
NB 
PRVI B 
NB 
CARU B 
NB 
l Means not followed 
alpha =0 . 05 
by 
Trt x spp 
(Sheep) 
1 
54.7ab 
49 . 4ab 
49 .1 ab 
4ll.7ab 
50 . 6ab 
48.2ab 
45 .9ab 
44 . 2a 
51.6ab 
56.5b 
a common 
Species 
52 . 1 be 
48.9b 
49 . 4b 
45 . 0a 
54.1c 
letter are 
Trt x spp 
(E l k) 
4 7 .Sa b 
47 . 5ab 
47.4ab 
47.5ab 
50 . 4ab 
44.2a 
47 . 0ab 
45 . 2a 
52.9ab 
57 . 6b 
sta ti s tically 
Species 
4 7 . 6a 
47 . 4a 
47.3a 
46.1a 
55 . 2b 
different a t 
Table 2. Percent crude protein in various forages with all three sites 
pooled, Aug . 22, 1982. 
Species Tr eatmen t Treatment X species Species 
Means Means 
POTR B l9.1e 16.6b 
NB 14.1 be 
CEVE B 18 . 2e 16.3b 
NB 14 . 4c 
AMAL B 18 .1 e 16 . 5b 
NB 15.0cd 
PRVI B 17.7e 16.3b 
NB 14 . 9cd 
CARU B ll.4ab l0 . 9a 
NB 10.8a 
1 Means not followed by a common l ette r are statistically different at 
alpha=0.05 
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the nonburned areas . Pinegrass showed no treatment effects. 
Phosphorus 
A hi<h ly significant (p<O.Ol) treatment effect was found for the 
influence of burning on phosphorus content of forages. There wer e no 
site diffe rences. The nonburned areas were higher in phosphorus 
(0.36%) ttan the burned areas (0.28%). The LSD test showed that 
snowbrush and pinegrass were not significantly different from each 
other whe n both the burned and nonburned values were pooled, but the y 
had significantly less phosphorus than serviceberry and chokecherry 
(Table 3). Aspen had an intermediate value significantly different from 
the other forages. When an LSD test was applied to the treatment x 
species means , it was found that serviceberry and chokecherry on the 
nonburned areas had significantly higher amounts of phosphorus than 
other species, burned or nonburned. The other plant species showed no 
significan: treatment differences between burned and nonburned areas. 
Calcium 
Cal c ium content of the forages was found to be significantly 
higher (p <O.OOS) on the unburned areas (1.65%) than it was on the 
burned areas (1.31%). There were no site differences. The LSD value 
for pooled burned and nonburned values showed that aspen, serviceberry, 
and chokecherry, while not significantly different, were significantly 
higher in calcium than pinegrass and snowbrush (Table 4). Pinegrass had 
the lowes t calcium contents. When the LSD test was applied to the 
treatme nt x species means, only c hoke c herry s howed a significant 
difference between burned and unburned areas (Table 4). 
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Table 3 . Percent phosphorus in various forages with all thr ee sites 
pooled, Aug . 22, 1982. 
Species Treatment Treatment X species Species 
Means Means 
POTR B . 32cd .30b 
NB . 2Hbc 
CEVE .23abc .19a 
NB .1 4a 
AMAL B .39d .48 c 
NB .5 7 e 
PRVI B .29bcd .45c 
NB .6 0e 
CARU B .19ab .L 9a 
NB . 20ab 
lMeans not followed by a common letter are statistically different at 
alpha=0.05 
Table 4. Percent calcium in various forages with all three sites 
pooled, Aug . 22, 1982 
Species Treatment Treatment X species Species 
Means Means 
POTR 1.66c 1 1. 77c 
NB 1.87 cd 
CEVE B 0 .9 3ab 1.07b 
NB 1.20b 
AMAL B 1. 7 Sed 1.9lc 
NB 2.U7de 
PRVI B 1.64c 2.00c 
NB 2.37 e 
CARU B 0.55a 0 .64a 
NB 0.73a 
lMeans not followed by a common letter are statistically different at 
alpha=O . 05 
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Calcium/Phosphorus Ratio 
The Ca/P ratios showed a significantly higher (p=0~5) treatment 
mean for the nonburned a r eas (5 . 4) t han the burned areas (4 . 5) . There 
were no site differences . There was also a highly significant 
(p<0 . 005) spec i e s effect with aspen a nd snowbrush having the highest 
ratios and pinegrass the lowest (Ta ble 5). When the LSD test was 
applied to the treat ment x s pecies means, on l y snowbrush had a 
s i gnificantly higher Ca / P ratio on the nonburned areas. 
Table 5. Ca/P ratios for various forages with al l three sites pooled , 
Aug. 22 , 1982. 
Species Treatme nt Treatment X s pecies Species 
Means Means 
POTR B 5 . 2bcd 6 .1 c 2 
NB 7 .1de 
CEVE B 4 . 0abc 6 . 2c 
NB 8.4e 
AMAL B 4 . 6abc 4 . 2ab 
NB 3 . 6a b 
PRVI B 5.8cd 5 .1 L 7 
NB 4.3abc 
CARU B 2.9a 3 . 2a 
NB 3 . 6ab 
1 Means not followed by a co mmon letter are statistically different a t 
alpha=0 . 05 
2 Ca/P r at i os may not agree with %Ca divided by %P because of rounding 
e rrors 
Aspen and pinegrass f r om August 2 and 22 were analyzed for the 
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second-most - va lid test of the 1982 field season. The four-factor 
analysis of variance showed no effect of burning on digestibility for 
sheep IVDMD treatment means . Elk IVDMD , however, did show a treatment 
effect (p<O .Ol) with the samples from the burned areas (5 5 . 6%) being 
more digestible than the nonburned a r eas (51.2%) . The major difference 
in the two runs was in the way the aspen was digested on August 2. The 
nonbu rned areas had approxima t ely the same digestibilities for both 
sheep and elk, but the burned aspen digest ibil ities were almost t wenty 
points lower for the sheep than it was for the elk (Table 6) . Th u s, no 
treatment differences were noted for aspen for sheep on August 2, but 
~ they were for elk. Pinegrass showed no significant treatment 
difference for either sheep or elk IVDMD . 
There was no significant date effect for the sheep, but there was 
for the elk (p(O.Ol) . The aspen from the burn was more digestible on 
Augus t 2 than it was on August 22. The nonburned plants were similar 
(Tab l e 6) . 
There wa s a large treatment difference (p<O.OOl) fo r crude protein 
(Tab l e 6). Aspen on the burned ar e a s had a higher amount than the 
aspen on the nonburned areas (Table 6) . There was also a significant 
(p<0.005) species effect with aspen o n the burned areas having 
s i gnificant l y more crude protein than pinegrass on any date o r 
treatment. There was no date difference on either the burned or 
nonburned areas for aspen or pinegrass (Table 6) . 
Treatment means for phospho ru s s howed a significantly (p<O. OOl) 
higher amount on the burned are as (0 . 28 %) than on the nonburned areas 
(0.23 %). There was & signifi can t s pecies difference (p<O.Ol) with 
Table 6. Treatment x species means for all analyses of aspen and pinegrass, Aug. 2 and Aug. 22, 
1982, all three sites pooled. 
SPECIES DATE TREATMENT %SHEEP %ELK %CP %P %Ca CA/P 2 
IVDMD IVDMD 
POTR AUG 2 B 43.Sa1 61 .8d 21. 7d .39d 1.47b 4 .Oab 
NB 50. 3a 51.8abc 15.8c .24ab 1. 78c 7.7d 
AUG 22 B 57. 9ab 48.7ab 19 .2d .32cd 1.88c 5.6bc 
NB 53. Sa 48.3a 14. 2bc . 27b 1.86c 7 .led 
CARU AUG 2 B 53. 7a 54.7abc 13.5abc .23ab 0.54a 2. 3a 
NB 52. 7a 48,9ab 10.3a .23ab 0. 79a 3.4a 
AUG 22 B 54. 6a 57.lcd 11.47ab .19a 0.54a 2. 9a 
NB 56.8ab 55.9bcd 10 . 48a .20ab 0. 74a 3 .6a 
1 Me~ns not followed by a common letter are statistically different at alpha=O.OS 
2
ca/P ratios may not agree with % Ca divided by % P because of rounding errors 
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aspen on the burned areas on both dates hav i ng a hi gher phosphorus 
content than pinegrass on any date or treatment (Table 6). There were 
no significant date differences for e ither aspen or pinegrass. When 
the LSD was applied to treatment x species x date means, aspen was 
significantly higher in phosphorus on the burned areas on both August 2 
and 22 than it was on the nonburned areas (Table 6). 
Calcium occurred in higher amo unts (p<O . OOl) on nonburned areas 
( 1 . 29%) than on bur ned areas ( 1. 09% ). Aspen had higher amounts 
(p<0 .001) o f calcium than pinegrass on any date or treatment (Table 6). 
The only da t e difference occurred when aspen increased in calcium on 
the burned areas from August 2 to August 22 . 
The calcium/phosphorus rat ios were signifi cantly (p<0 .005) lower on 
the burned areas (3.7) than on non burned areas (5.5). There was a 
species effect (p<0 .000 1) with pinegrass having lower ratios than 
aspen , except on the burned areas August 2 . Aspen had significantly 
higher Ca /P ratios on the nonburned areas August 2 than it did on the 
burne d areas. There were no date differences for either aspen or 
pinegrass (Tab l e 6) . There were no si te diffe r ences , either. 
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Digestibility 
Sheep digestib i lities showed a treatment effect with the nonburned 
areas being slight ly but signifi cantly (p<0 .05) higher (61 . 5%) overali 
than the burned areas (59 . 9%) . 
-
Elk digestibilities were also I w;;• ~ 
J ._-), I 
significantly (p<0 .05) higher o n the nonburned areas (61.5 %) than on 
the burned areas (59 . 7%) . Ther e were no site differen ces f o r either 
the sheep o r the elk digestibilities. There was no date effect for 
elk , but sheep showed a highly significant (p<O.OOl) effect with July 
15 bei ng higher in digestibility than August or September ( Tab le 7). 
The forbs, while not significan tly different from each other , had 
higher sheep and elk digestiblities than the grasses or shrubs, whi ch 
we re no t different (Table 8) . 
Table 7. Date means fo r all analyses with treatments and all three 
sites poo led, 1983. 
Date %Sheep %Elk %CP %C a %P Ca/P 
IVDMD IVDMD 
JULY 15 65,.9 60 . 2 16. 3 1 1 . 28 1 .33 3 .9 1 2 
AUG . 15 58 . 6 6 1.6 12.5 1. 57 • 27 5.8 
SEPT . 15 57 . 5 60 . 1 10.9 1.70 • 29 5.9 
1 Levels of significance are alpha-0 . 00 1 . 
2 Ca/P ratios may not agree with %Ca divided by %P because of r ounding 
errors 
On a species by species basis fo r the sheep , all of the shrubs 
excep t c hokec herr y showed a v-shaped date con figurati on (Figure 2) . 
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Table 8. Species means for all analyses with treatments and all three 
dates and sites pooled, 1983 
Species %Sheep %Elk %CP %Ca %P Ca/P 
IVDMD IVDMD 
:.J . ::t'........-
Shrubs C?'l \,.-'' ~ 
POTR 53.8a 1 55. 5ab 15. 4cd 1.45 • 26abc 5.6bc2 
CEVE 57.0b 57.Hb l4.2bc 1.28 .Zla 6.0bc 
AMA1 56.7ab 59.0b l4.6c !.58 .43d 4.3a 
PRVI 55.2ab 58.7b l5.0cd 1.92 .36cd 5.3ab 
I 
Grasses 
I 
CARU 55.6ab 52.5a lO.Sa 
.81 l .21a 3.8a 
ELGL 56.6ab 55.5ab l3.lb l.ll .22a 5 .lab 
Forbs 
GEVI 70.4cd 69.0c l3.lb 1.9 .39d S.lab 
I 
LUAR 68.9c 67.7c l6 . 0d !.55 .24ab 6.5cd 
ARGO 7 Z.Od 69.9c 9.7 a 1.99 .35bcd 5.7bc 
1 Means not followed by a common letter are sta istically different at 
alpha~O .os 
2 Ca/P ratios may not agree with %Ca divided by %P because of rounding 
errors 
Snowbrush and serviceberry were significantly lower in digestibility 
for both the burned and nonburned areas on August 15. Aspen exhibited 
this reduction on the nonburned, but on the burn it was not 
significant . Both of the grasses showed a sharp decline in 
digestibility for sheep throughout the three dates, but the nonburned 
areas declined less than the burne d a reas (Figure 3) . Lupine and arnica 
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digesti)ilities declined throughout the season (Figure 4). Geranium 
digestibllity declined on the burn, but the nonburned plants increased 
in diges t ibility from August to September. 
Crude PrJtein 
The nonburned areas (13.7%)had higher (p<O .Ol) amounts of crude 
protein chan the burned .areas (U .H%). There were no site differences 
for crude protein in 1982. There was also a significant date effect 
(p<O .OOOl) with July being the highest in crude protein and September 
the lowest (Table 7) . There was a signif icant species effec~ with 
pinegrass and arnica having significantly lower crude protein contents 
than the other species (Table 8). All of the shrubs were statistically 
the same on both the burned and nonburned areas throughout the summer, 
except snowbrush which waS lower on t'te burned areas in July (Figure 
5) . Wil~rye, geranium and arnica also showed no treatment effects for 
any date (Figures 6 and 7) . The tr e a t ment effect came mainly from the 
lower crude protein content of pinegrass which was l ower on the burned 
areas than it was on ~ the nonburned areas on all dates (F i gure 6) . 
Lupine, however, had similar crude protein contents for July, but by 
August had significantly higher contents on the burned than on the 
unburned areas. 
Phosphorus 
Phosphorus contents were higher (p<O.OOOl) on the nonburned areas 
(0.34%) than on the burned ar e a s (0 . 2 5 %) . There was a site difference 
with the forages from Manning Basin ha ving higher (p<O.OOl) amounts of 
phosphorus. There was no di ffe re nce in phosphorus con t ent between the 
~ 
lO-
d 
J 
'\ 
\ 
\ 
~ 
JUL AUG S(PT 
" 0NTHS 
POTR 
~ 
" ' ·, 
....... 
....... 
u l 
JUL 
.< JG 
" ONTHS 
AIW 
S(PT 
I LSD 
LSD 
burned----=-
nonburn ed - - -
.. 
g 
u .. 
"' k' 
Q 
" 
l3 
~ " 
' " 
" 
" r 
JUL 
"-
AUG 
... o~•-<s 
([V[ 
·--\ 
\ 
\ 
\ 
\ 
SEPT 
U k I 
JUL AUG SEPT 
... ONT-<5 
PRVJ 
Figure 5. Petcent crud e pr otein for shrubs o n t hree dates, all three sites pooled, 1983 
J 
LSD 
LSD 
w 
Q) 
~] "] 
n ~:>~~ l CSD ~ 0 J x...,_'-~ . ~"'-......_'- I LSD 
JUL AUG SEPT I "' ~ONTHS • ------~------,-----~ 
CARU JUL AUG SEPT 
~ONTHS 
ELGL 
burned----
nonburned- - -
Figure 6. Percent c rud e protein fo r grasses on three dates , all three sites pooled, 1983 
~ 
10- "' \ I , , 
. ~--- " ~ ~~l '~ l CSD ~~ \~ I CSD 
JUL AUG SO'T JUL AUG SEPT 
burned--------
nonburned- - -
1.10'-'THS "'ONTHS GE~I LUAR 
a '\ 
8 &! 10 
It 
JUL 
\ 
~ 
·-------"""" 
AUG 
MONTHS 
ARCO 
SE:PT 
/= 
Figure 7 . Percent crude pro t ein for fo r bs on three dates, all three sites pooled, 1983 
w 
0> 
.AC] 
..... 
~ ::J 
uo1 
..... 
.. ,, 
• .• ..f 
~ ::J 
O. J..f 
O.l 
~ 
-\ // 
-../ 
~ 
.IUL .l.UG S(PT 
lot()t{TH$ 
POTR 
/' 
/ 
/ 
,__ __ _/ / 
~ 
JUL AUG 
... 0>/THS 
MAL 
S(PT 
I LSD 
l 
I LSD 
O.JO 
o . .n 
tz 
~ 
O.JO 
. .... 
O.l 
i:J burned - -------
nonburn e d -- - -
0 .2 I 
v 
" 
" " 
JUL AUG 5£PT 
.. oNTHS 
CEVE 
/' ><. / 
" 
/ 
" " / ../ 
__/ 
JUL AUG 
" O'-'THS 
PRV I 
S[PT 
Fi gure 8 . Percent pho s phorus fo r s hrubs on thr ee da tes, a ll thr ee si t es poo l ed, 1 983 
I LSD 
]LSO 
w 
"' 
c . 1o 
i 02>] 
0 .20 
0 . 15 
burned--------
nonburned-
~ 
' 
LSD 
JUL AUG SEPT 
MONTKS 
CARU 
O.H 
0 .10 --·-\ 
~ g 0 .2:. u "' ~ 0 .20 \ 0 .15 " 0 . 10 
JUL AUG SEPT 
MONTHS 
ELGL 
Figure 9. Percent phosphorus for grasses on three dates, ail three sites pool ed, 1983 
I LSD 
..,. 
0 
..  
~ 
\ I I \ ~1 ~ .. I ~\I D. l 
O.l 
JUL 
burned --------
no nburned- - -
./ 
AUG SU'T 
l,jQt-fTHS 
GEV! 
I LSD 
..  
''1 ~ .. 
0 . ) 
D.l 
D.> 
•. 
./\ 
3 ~ u 0 . ) ~ D.l 0 .1 
JUL A~G S(PT 
l,jQNTHS 
LU/,R 
\ 
\ 
\ 
\ /' 
\ ./ LSD \ ./ 
'V./ 
~ 
JUL AUG S(PT 
UONTHS 
ARCO 
Figu re 10. Pe r cent phosphoru s fo r forbs on three dat e s , all three sites pooled, 1983 
I LSD 
..,. 
42 
shru bs and forbs. There was a significant date difference (p<U.OOl) 
with forages in July being higher in phosphorus than those in August 
and September (Table 7) . Most of the shrubs and forbs exhibited a v-
shaped date configuration for the nonburned areas (Figures 8 and 10). 
Phosphorus contents for chokecherry, geranium and arnica in July and 
September were not different but were significantl y lower in August 
(Figures 8 and 10). Phosphorus contents in July and August were not 
significantly different for aspen and serviceberry, but the amount of 
phosphorus in the plants in September was significantly higher than in 
July or August. For lupine, however , phosphorus levels in July and 
August were not significantly different but September levels were 
lower (Figure 10). There was also a significant species effect 
(p<0.001) with the grasses having the least phosphorus (Table 8) . 
Calcium 
There were no diffe rences in calcium contents between burned and 
nonburned areas. There were no differences among sites. Calcium 
contents in September were significantly (p<0.001) higher than in July 
(Table 7). The grasses were lower in calcium than the shrubs and forbs, 
which were not different (Table 8). 
Calcium/phosphorus ratio 
Burned areas (5.8) had higher (p<0.0001) Ca/P ratios than 
nonburned areas (5.0). There were no site differences . There was also 
a species effect with lupine hav ing the highest ratio and pinegrass the 
l owest (Table 8) . July had s i gnificant ly (p<O . OOl) lower ratios than 
either August or September (Table 7) . 
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Digestibility 
Both the sheep and elk IVDMD analyses had highly significant year 
variations (p<O.OOOl). The forages collected the second year wer e more 
digestible. For the sheep run, this variation came from chokecherry. 
Both burned and nonburned samples were significantly hi g her in 
digestibility the second year (Table 9). Most of the other plants had 
numeri ca lly higher digestiblitie s the second year, but were not 
statistically significant. Fo r elk, however, all samples excep t 
pinegrass were higher in digestibility the second year (Table 10). 
Table 9. Sheep IVDMD for Aug. 22, 1982 a nd Aug. 15, 1983, all three 
sites pooled. 
Species Treatment 1982 19~3 
POTR B 54 . 7de 1 52 .1 cde 
NB 49 . 4bcd 49.3bcd 
CEVE B 49 .1 bed 54 .!de 
NB 48 . 7abc 53 . 0cde 
AMAL B 50 .be d 52.9cde 
NB 48 .2abc 52.2cde 
PRVI B 45.9ab 55 .1ef 
NB 44.2a 54.5de 
CARU B 5 1. 6cd 49.6bcd 
NB 56 . 5ef 59 . lf 
J Means not followed by a co mm on let ter ar e s tatisti cally different 
a lpha=O . 05 
at 
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Table 10 . Elk IVDMD for Aug . 22 , 19 82 and Aug. 15, 198 3 , all thre e 
sites poo l ed . 
Species Treatment 1982 1983 
POTR B 47.8abc 
1 
56.9ef 
NB 47.5abc 55 . 2de 
CEVE B 47.4abc 61. 9f 
NB 47 . 5abc oo. 9f 
AMAL B 50 .4bcd 57.0ef 
NB 44 .2a 56 . 6ef 
PRVI B 47.0abc 59.6f 
NB 45 .2ab 58 . 7d 
CARU B 52 . 9de 46 . 7ab 
NB 57 .6ef 56 . 2ef 
1 Means no t followed by a common l etter are statistically different at 
alpha=O .05 
.• 
Crude protein contents of forages col lected the second year were 
significantl y lower (p<0.001) than those collected the first year. All 
of the species had reduced c rude prot e in levels the second year on the 
burned a reas excep t serviceberry which was numerically l ower, but not 
significa ntly (Table 11). Non e of the crude protein levels of the 
shrubs on the burned areas the second year were different from the 
nonburned areas. None of the nonburned samples exhibited a year 
difference . Pinegrass, though, was significantly lower in crude 
protein on the burned areas the second year than it was on the 
nonburned areas either year (Table 11). 
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Table 11. Percent crude protein for Aug. 22, 191!2 and Aug . 15, 1983, 
all three sites pooled . 
Spe cies Treatment 1982 1983 
POTR B 19 .1h I 14 .1cde f 
NB 14. 1def 14.1def 
CEVE 18 . 2gh 14.5def 
NB 14.4def 15.0ef 
AMAL B 18 .1gh 15 . 6efg 
NB 15.0ef 13. 8cde 
PRVI B 17. 7gh 14.6def 
NB 14.9ef 15.6efg 
CARU B 11.4bc 6 . Sa 
NB 10 . 4b 12.2bcd 
!Means not f ollowed by a co mmon l e tte r are stat isti cally differe nt a t 
alpha=O . 05 . 
Phosphorus 
Phosphorus levels we re significan tly higher (p<0 .02) the first 
yea r than the second. Aspen on the burned a reas and and c hokecherry on 
the nonb urned areas, however , were the only samples that showed 
significant changes in phosphorus co nt e nt. The other shrubs were 
numeri cal ly but not signifi cantly, l owe r in phosphorus content in 1983. 
There were no year-t o-year differences in calc ium l evels (Table 13). 
Calcium/ phosphorus ratio 
The Ca / P ratios of the forages we r e lower (p<0.05) in 1982 than in 
1983 . Thi s variation came mainly from snow brush on the burned areas and 
chokeche rr y on both the burned and nonbu r ned areas (Table 14) . 
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Table 12. Percent phosphorus for Aug . 22 , 1982 and Aug 15, 1983, a ll 
three sites pooled . 
Species Treatment 1982 1983 
POTR • 32bcde 
1 
.17 a 
NB .28abcd .25abcd 
CEVE B • 23abc .20ab 
NB .14a .21ab 
AMAL B . 39de .39de 
NB . 57fg . 45fe 
PRVI B • 29bcd .21a 
NB .60g .3 7cde 
CARU B .19ab .20ab 
NB .20a .21ab 
1 Means not followed by a common letter are statistically different 
at alpha=0.05 
Table 13. Percent calcium for Aug. 22, 19 82 and Aug . 15, 19 83 , all 
three sites pooled . 
Species Treatment 1982 1983 
POTR B 1.66 1 1.18 
NB 1.87 1.67 
CEVE B .93 1.34 
NB 1.20 1. 72 
AMAL B 1. 7 5 1. 36 
NB 2 . 07 1.42 
PRVI B 1.64 1.56 
NB 2 . 37 1.90 
CARU B .55 .89 
NB • 7 3 1.27 
1 The Sheffe LSD value of 2 . 5 was used to test for statistical 
diffe re nces at alpha=0 .05 
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Table 14. Ca/P ratios for Aug . 22, 1982 and Aug. 15, 1983 , all thr ee 
sites pooled . 
Species Treatment 1982 1983 
POTR B 5 .2a bc 1 6.3bcd 
NB 7 .led 6.9cd 
CEVE B 4 . 0ab b.lbcd 
NB 8.4de 7.0cd 
AMAL B 4.7abc 4.9abc 
NB 3.6ab 4.6abc 
PRVI B 5 . 8bcd 9.7e 
NB 4.3ab 6.6cd 
CARU B 2 . 9a 2.8a 
NB 3 .6a 3.0a 
lMeans not followed by a common letter are statistically different at 
alpha=O. OS . 
2 Ca/P ratios may not agree with %Ca divided by %P because of roundi ng 
error 
Dates/years comparison 
The analysis of variance for aspen and pinegrass Aug. 2 and 22 
1982, and July 15 and Aug. 15 1983, showed that s heep digestibilities 
increased from 1982 to 1983 for both aspen and pinegrass on the burned 
areas only for the first date (Table 15). Pinegrass also increased in 
digestibility the first date on the nonburned areas. There were no 
othe r significant differences. 
Sheffe LSD values were calculated for elk digestibilities (Table 
16), phosphorus (Table 17) and crude protein contents (Table 18), but 
no significant differences were found. 
Calcium contents decreased significant l y (p<O.OOl) for aspen on the 
no~burned areas on the first date and for aspen on the burned areas the 
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second date . No othe r samples had year-to- year variations (Table 19) . 
Table 15. Sheep I VDMD for aspen and pinegrass , Aug. 2 (1) and 22 (2), 
1982 and J ul y 15 (1) and Aug. 15 (2), 1983 . 
Species Date Treatment 1982 1983 
POTR B 43 . Sa 1 54 . 1bc 
NB SO . Oab 53.0bc 
POTR 57.8bcde 52 .1 abc 7 NB 53 . 5bc 49 . 3pb I 
CARU B 53 . 7bc 66 . 1e 
NB 52.6bc 63 . 5de 
CARU 54 . 6bc 49.6ab 
NB 56 . 7bcd 59. 1cde 
1Means not followed by a common letter are s t atistically different at 
alpha=O . 05 
Table 16 . Elk IVDMD for aspen and pinegrass, Au g . 2 (1) and 22 (2), l~ i .... ,( 
July 15 (1) and Au g. 15 (2) , 198 3 . 
Species Date Treatment 1982 1983 
POTR B 61.9 1 51.3 
NB 5 1. 8 53.1 
POTR B 48 . 7 56 . 9 
NB 48 . 3 55.2 
CARU 54.6 54.1 
NB 48.8 55 .1 
CARU 57 . 0 46 . 7 
NB 55.8 56 . 2 
1 The Sheffe LSD value of 14 . 2 was used to test for year-to - year 
differences at alpha=0 .05 
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Table 17. Percent crude protein for aspen and pinegrass Aug. 2 (1), and 
22 (2) 1982, July 15 (l) and Aug . 15 (2) 1983. 
Species Date Treatment 1982 1983 
POTR 21 . 7 1 19 . 7 
NB 15.7 18 .1 
POTR B 19 . 1 14.1 
NB 14.1 14 . 1 
CARU 13.4 12 . 7 
NB 10 . 3 15.5 
CARU B 11.4 6.8 
NB 10.4 12 . 2 
1 The Sheffe LSD val ue of 7 . 2 was used to test for year-to-year 
differences at alpha=0.05 
Table 18 . Percent phosphorus of aspen and pinegrass Aug . 2 (l) and 22 
(2), July 15 (l) and Aug . 22 (2), 1983. 
Species Date Treatment 1982 1983 
POTR B . 39 1 . 34 
NB .24 .27 
POTR B . 32 . 20 
NB .27 .2 2 
CARU B . 23 . 26 
NB . 23 . 27 
CARU B .19 .16 
NB . 20 .24 
1 The Sheffe LSD value of 0 .14 was used to test for year -to- year 
differences at alpha=0.05 
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Table 19 . Percent calcium for aspen and pinegrass Aug . 2 ( 1) and 22 
(2), July 15 (1) and Aug. 15 (2), 198 3 . 
Species Date Treatment 1982 1983 
POTR 1.46bc 1 . 2Jb 
NB 1.78cd 1 . 28b 
POTR 1.80cd 1 . 30b 
NB 1.8bd 1 . 56bcd 
CARU .54 a . 61a 
NB .79a . lOa 
CARU . 58a . 48a 
NB • 74a .76a 
1 Means not followed by a common letter are statistically different at 
alpha=O . OS 
Table 20 . Ca/P ratios for aspen and pinegrass Aug. 2 (1) and 22 (2), 
July 15 (1) and Aug . 15 (2), 1983. 
Species Date Treatment 1982 1983 
POTR B 4.0 3.5 
NB 7.7 4.7 
POTR B 5.6 6.3 
NB 7 . 1 6.9 
CARU B 2.3 2 . 3 
NB 3 .4 2 . b 
CARU B 2.9 2.9 
NB 3.6 3 .1 
1 The Sheffe LSD value of 2 was used to test for year to year 
differences at alpha=O.OS 
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DISCUSSION 
Certain precautions should be exercised in the interpretations 
placed on chemical analyses of forage plants for a number of reasons: 
(1) statistical significance does not necessarily mean physiological 
significance to the animals concerned and vice versa; (2) plant parts 
analyzed may not be in the same proportions or kinds as taken by 
animals in their selective feeding behavior; (3) analyzing species 
singly gives only a partial reflection of the total mixture of plant 
species normally consumed; and (4) laboratory results may be in error 
(Dietz and Curnow 1966). Thus, while this study gives some indication 
of plant response to burning, it is only one aspect of the complex 
plant-animal-soil interface. 
The phenological stages of the plants were similar on the burned 
and nonburned areas . Aspen communities are mesic so che £orbs collec ted 
bloomed throughout the entire season . Thus several different 
phenological stages overlapped within and between the burned and 
nonburned areas. Pinegrass had few flower stalks in the nonburned 
areas and many in the burned areas, but the phenological stages were 
similar. The shrubs did not exhibit any reproduction on the burned 
a reas during either summer. So, in this study, dates are used instead 
o: phenological stages as a comparative index. 
Overall, there was little improvement in forage quality from 
b1rning, with some redu ction in quality the second year. Aspen on 
August 2, 1982 showed improved Ca / P ratios, elk digestibilities, crude 
p:otein and phosphorus levels and decreased calcium content on the 
burned ve rsus the nonburned areas. By August 22, only the Ca/P ratios 
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and c rude protein levels were improved on burned sites . All of the 
shrubs on August 22 had higher crude protein levels, but only 
serviceberry had higher phosphorus levels . There were no improve ments 
in quality in 1983 for the shrubs or the forbs. This lack of 
difference after an initial impro veme nt in forage quality for the 
shrubs could be due to the change in growth form of the plants from the 
burned areas . In early August, 1982, most o f the shrubs on the burned 
a reas were less than a foot tall, had few stems and larger leaves than 
the no nburned areas . By late August, there was secondary branching and 
the plants were up to 2 feet in height. In 1983, the shrubs were 3-5 
feet in height, with more branc hes and smaller leaves. Thus the shrubs 
in early August the first year after the fire had lower stem-to-leaf 
ratios than they did in late August the same year or in the second year 
afte r the fire . This could have been the reason~ for similarities in 
nutrient contents between burned and nonburned areas. 
The improvement in crude pr o t e in, however short-lived, is ve ry 
important to the ruminant. The higher protein levels allow the animals 
t o obtain a highly nutritious diet when it is needed the most--during 
lactation, rapid body growth of fawns , and increasing body fat stores 
for the winter. Several of the ana lyses performed resulted in no 
statistical differences, but where there was a numeri cal differen ce 
may be biologically significant to the animal . An increase of a few 
po ints in any analysis may mean the difference of good health and 
condition or marginal health and condition. Conversely, the internal 
va riati on in the statistical analyses may be due to variability in the 
forages pr e sent on the site so that numerical differences may mean 
) 
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nothing to the animal. 
Phosphorus contents of forages showed a beneficial treatment 
effect in only one analysis. Aspen on August 2, 1982 had higher levels 
of phosphorus on the burned areas than on the nonburned areas. All of 
the other analyses showed either lower levels of phosphorus for the 
burned samples or no differen ce. There was not a lot of change, 
however. Swank (1958) also found lower phosphorus contents of forages 
on burned areas than unburned areas for 9-month, and 3-, 5- and 8-year-
old burns in the Arizona chaparral. Meenely and Schemnitz (1981) found 
no differences in phosphorus levels of forages on 3-year-old burns in 
New Mexico. Halls et al. (1952) also found no differences in 
phosphorus levels of deer's tongue (Trilisa oderatissima) after burning 
in central Florida. .• 
Calcium was generally lowe r on the burned areas than it was on the 
nonburned areas. Lay (1957) also reported lower calcium contents of 
plants on burned areas than unburned areas in an east Texas pine 
forest. This would be of benefit to the animal since Ca/P ratios are 
also lower on the burned areas, and thus the possibility of 
interference with phosphorus metabolism would be lessened. 
The major aspect of the Ca/P rat ios in this study, is that, with 
the exception of the grasses, all are much higher than the optimal 
z. · ~ 
ratios suggested for ruminants--1: 2 or j- :2 (Dietz 1965). Urness (1973), 
suggests that Ca/P ratios of 1:2-2:1 are excellent, 2:1-3:1 are good, 
3:1-5:1 are fair and thos e larger than 5:1 are poor. He also stated, 
however, that these are general standards and undue emphasis should not 
be placed on single factors. For example, plants poor in phosphorus may 
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be good sources of protein, energy, or some other factor. It is the 
collective intake of particular nutrients in the total diet that is 
criticaL Thus the Ca/P ratios are only comparitive measures which 
still need to be researched. Burning, however, did seem to improve 
these ratios by lowering them, at least for the first year. On August 
2 and 22, 1982 for aspen and pinegrass, the burned areas were higher in 
phosphorus and lower in calcium than the nonburned areas so the Ca/P 
ratios were higher for the nonburned areas. On August 22, for the five 
species tested, calcium levels on the nonburned areas were higher than 
on the burned areas and the phosphorus levels were higher on the 
nonburned areas. The phosphorus levels were not high enough to negate 
the higher amount of calcium, so the Ca/P ratios were higher for the 
nonburned areas for that date. In 1983, calcium levels were the same 
on the burned and nonburned areas, but the phosphorus levels on the 
nonburned areas were higher for the forages collected, so the Ca/P 
ratios were lower on the nonburned areas. The year-co-year comparison 
for the five species had the same calcium levels on the burned areas as 
on the nonburned areas, but phosphorus levels were higher in 1982, so 
the Ca/P ratios were higher in 1983 . The two date x two year 
comparison for aspen and pinegras s showed no change in phosphorus 
levels, but calcium levels were significantly lower in 1983. This 
change was not enough to produ ce a significant difference in Ca/P 
ratios between years. 
On a species basis, pinegrass showed no differences the first year 
for any nutritional test and by the next year the burned areas showed 
significant decreases in digestibilities and crude protein when 
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compared with the nonburned areas . This decrease in qual it y could be 
due to a number of factors. The ave r age maximum so i l surface 
temper a tur es on the burned sites may be J0 - 160C higher than on 
comparable unburne d areas (Ahlgren 1974) . In a progress report by 
Br own e t al. (1983), soil temperature cha nge s betwe en burned and 
nonburned areas were in excess of zooc in July 1982 on the Ma nn in g 
Basin site. Increased soil temperatures hasten the development of roo t s 
and shoots on burned areas, speed decomposition, and promote the 
activity of soil mi c r oo r ganisms (Spurr and Barnes 197 7 ~ 
A numbe r of morphological and physiological changes may occur in 
plants as a result of burning, and may help explain wh y pi negrass 
showed reduced levels of nutrients when plants from the burned areas 
were compared to those of the nonb ur ned areas. The removal of plant 
tops by fire triggers latent pri mo rdial regions to initia t e new g r owth. 
Growth is produced, sometimes very rapidly (Hopkins 1963, Lewis 19 64) . 
Several researchers f ound the vegetative r e producti o n of perenni al 
species on most s ite s occurs more rapidly and vigorously afte r burning 
than growth on unburned sites (Vog l 1965, Ol d 1969, Ra l s ton and Dix 
1966, Wright 1969, Hadley 1970) . This impress ive change in vigor of 
p l ants may be caused by the increased uptake of nutrient s (Ahlgren and 
Ahlgren 196 0 , Komarek 1967, Vogl 1969, Hayes 19 70) , which a r e more 
available on burned areas. 
Shoots produced after a fi r e have been found to be stiffer and 
more erect than ord i nary shoots (McCa l la 1943, O'Connor and Powell 
1963) . Increased numbers of g r ass and fo rb flowers are usuall y 
stimulated by burning (Lemon 1949 ,1968; Curtis and Partch 1950; 
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Ehrenrei ch and Ackman 1963; Parrot 196 7; Lloyd 1972). Weave r (1974) 
noticed that burning seemed t o greatly stimulate growth of pinegrass 
and in the summer following burns seedheads of this species occurred by 
the countl ess millions. Brown et al. (19~3), found that the grass 
compon ent on the severely burned a reas of Manning Basin not only 
produced more biomass, but uniforml y flowered and produced a seed crop 
as well. Crane et al. (1983) noted that pinegrass maintained itself in 
shade and only produced seed in forest openings. They also noticed 
profuse blooming of pinegrass for several seasons after a fire. 
This rapid maturation process, and subsequent proliferation of 
seedheads, causes the translocati o n of nutrients and soluble 
carbohydrates from the leaves to the inflorescence (Chapin and Van 
Cleve 1978 , Van Soest 198 2) . This t rans l ocation, along with increased 
stem-to-leaf ratios from the many seed stalks cause a dilution of 
nutrients by increased cell wal l material (Van Soest 1982), could have 
been the reason for decreased quality for pinegrass on the burned 
areas. These changes are consistent with Wilson's (1982) review of the 
effects of nitrogen fertilizer on dry matter digestibility. The 
increased soil microbiological activity and reduction in competition 
from other plants on burned areas seems to have the same detrimental 
results on digestibility as the use of nitrogen fetilizer 4 The 
nonburned plants have to compete for the nutrients available on the 
site and thus grow for a longer time before accumulating sufficient 
reserves for reproduction (Chapin and Van Cleve 1968). Therefore their 
forage quality is preserved for a longe r time . 
Flowering in forbs i s not usually associated with large changes in 
57 
nutritive value, despite l eaf loss through senescence (Van Soest 1982). 
Thus the forbs had higher forage quality at the end of the season than 
the grasses, even though their phenology was similar. 
Very few studies report decreases in forage quality similar to 
this study. Stransky and Harlow (IY81) could not find any stud y 
showing deleterious effects of burning on crude protein. Asherin 
(1973) however, found r educed leve ls o f crude protein in redstem 
ceanothus (Ceanothus sanguineus) and increased levels of crude fiber in 
mountain maple (Acer glabrum ) on the burned areas in Idaho. Many 
resea r c hers that found improvemen ts in nut rient levels due to burning 
sampled the vegetation immediately after a fire to analyze early 
regrowth. One of the problems with this is, the nonburned areas may be 
more advanced phenologically than the burned areas, especially if the 
burn occurred in the spring. Ther efore, the non burned areas would have 
older vegetation that is less nutritious than the vegetation coming up 
on the burned areas (Stransky and Harlow l98!). 
In the aspen type, prescribed fires usually oc c ur in the fall 
immed iately before snowfall, so there is little chance for r egrowth 
that year. In the particular area of this study, the snowpack was 
heavy and lasted well into the summer and the grasses and forbs on both 
the burned and nonburned a re as had to com pletely grow after being 
buried under several feet of snow. Th us, the plants on this study are 
more phenologically s im ilar than those of other studies, and the 
effects of burning are less obvious. 
The question of accepting o r r e jec ting the null hypotheses is 
complex. On the basis of my r e s ult s , I would reje c t all of the 
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hypotheses. The first hypothesis, that nitrogen, calc iu m and 
phospho rus levels do not di ff er significantly in the sam e forages on 
burne d and adjacent unburned aspen si tes, was proven wrong several 
tim es in 1982 for almost all of the species . In 1983, pinegrass had 
significant decreases in nutrient leve ls, even though the sh rub s a nd 
f o rbs had few difference s between burned and nonburned areas. The 
second null hypothesis, that digestibilit ie s d o not differ in forages 
fr om burned and nonburned areas, was also proven wrong. The firs t year 
ther e was an improv eme nt for aspen and the second yea r pineg rass had 
d ec r eased digestibilitie s . Thus, I would reject the null hypo theses 
bec ause differences do exist, even th o ugh this is not tru e for eve r y 
. !/. species 1n every analys; s· 
It i s hard to interpret some of the results based on the littl e 
that is known about nutri ent cycling within a pl a nt after a burn. 
Perhaps the v-shaped configurations fo r phosphorus and sheep IVDMD t he 
second year (Figures 2-4 and 8-1 0) were caused by r eg r ow th fr om heavy 
ra ins that occurred the week of August 15, 1983 . This was not 
quantified, however. could not find a ny published re~search 
supporting these observations . Most, such as Dietz ( 1972), found that 
shrubs decline in quality throughout the season. The inconsistenc i es 
in site differences are also diffi c ult t o interpret due to the many 
e daphic, climatic and genetic fact o rs that affect the morpho l ogy a nd 
metabolism of plants. It i s equally hard t o interpret t he differences 
in the sheep and elk d igestibilities . Ma ny factors could be involved 
inc luding differences in the way the animals digest cert ain compounds 
in the samp les. Brooks and Urness (1984 ) however, stated that there is 
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no statistical difference in the way rumen fluid fr om various animal 
sources diges ts the same plant material. Perhaps these differences are 
just a result of differen ces in the standardized diets, individu a l 
animal variation, differ e nce s in fluid collection, or not enough 
samples for a more sensitive statistical test. Differences in rume n 
ino c ula collection could have been the reason for the in c rea sed elk 
I VDMD from 1982 t o 19H3. On l y chokecherr y on both the burned and 
nonburned areas showed a sign ificant increase (Table 13) fo r sheep 
IVDMD, but most of the samples for elk (Ta bl e 14 ) had large differences 
in dige s tibility from the first year to the second . The first yea r, 
the elk were stomach-pumped for their rumen fluid, while the second 
year they were sacrificed and the entire rumen contents were t ake n to 
the laboratory and strained. Perhaps I o btained more vi a ble microbes 
in the rumen fluid of the elk that had been sac rificed than from t hose 
tha t were pumpe d. Resul ts from the in vi tro procedure itself, howeve r, 
are genera lly r ecognized as a variable and subject to many con fo undi ng 
factors. 
The c han ges in forage class composi tion and stru c tur e after a 
fir e, though, may mean mor e to t h e ruminant than just the cha n ge in 
nutrient contents for the same species on burned areas versus nonburned 
areas. Brown et al. (1983) reported that fire in 19H1 f ollowed b y an 
excellent g r owing season stimula ted se veral- f o ld inc r ea s es in 
herbaceous biomass production, especialy fo rbs. They found a n 8-to 1 3-
fold inc r ease i n fo rbs in 1982 and an almost 30-fold increase i n f o rbs 
in 198 3 on some bur ned plots in Manning Basin (Table 21) . The 
increases in grass produ ction on most of their plots were not as 
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pronounced. The shrub component decreased~ as dramatically as the forb 
component increased, but the overall amount of biomass did not change 
much from year to year. 
Table 21. Pre- and post -burn production data (pounds per acre) for 
burned plots in Manning Basin, 1981-1983. 
Forage class Pre-burn(J981) 1982 198,3 tqs 'f 
FORBS 72 551 1 1111 g,o 
GRASSES 288 461 450 l{f/-o 
SHRUBS 1222 231 321 5Go 
OVERALL 1528 1243 1882 l!!._o iJ_,~ 
1 1982 data obtained from Dennis Simmerman, personal communication 
The forbs that increased most on the plots were not ones analyzed 
in this study, but some forage quality information was collected for 
them the second year. The forb that was the most abundant on these 
sites was Iliamna rivularis, a mallow that was not found prior to 
burning (Brown et al. 1983). f'\- 11."'-Fireweed (Epilobium a,!gustifoli{) was 
' 
also common on the burned areas but was nonexistant on the control 
areas . Both of these forbs have high digestibilities, averaging 85% in 
J uly and 80% in August and September 1983. Crude protein levels were 
also high, averaging 20% for fireweed throughout the summer and 18 % for 
the mallow . Where cattle and sheep grazed, these £orbs seemed to be 
highly preferred and in many cases were grazed to ground level. This 
was especia lly true the first year afte r the burn when these plants 
were less stemmy. In this way, burning increased dramatically a highly 
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preferred and nutritious forage t hat otherwise would no t have occurred 
on the s it e .. The benefit s to ruminants, bo th wild and domestic, are 
substantial . These areas provide a more nutritious f o ra ge resource 
during the summer tha n if shrubs dominate d the sites. These forages 
are a l so more accessible s in ce o bstru c tions from dens e s hrub matts 
that occu r in aspen stands are reduced. The heig ht of the forage i s 
also t otal l y within the graz ing zone, whereas on nonburned si t es 
do minat e d by shrubs, mu ch of t he biomass ma y be out of reach of 
animals . Thus, on burned areas, the animals would be abl e to obtain a ) 
high-quality diet with re l ative ease.. This i s very impo rtant because 
the cond ition of lactating females and rapidly growing young could be 
improved. Also, thes e animals may obtain better body fat stores i n late 
s umme r and early fall to he lp them through the winter. 
One important aspect of thi s study is the apparently hi gh 
nutritive qualit y of the understory in the asp en t ype , generally. 
Col lins (19 79) also f o und h igh nutrient l eve l s in the aspen t ype . In 
my s tudy, eve n though there were few effects due t o bur ning for 
individual species, the overall forage qualit y for both the burned and 
nonburned plants was high. Ve r y few species dr opped b elow SO% 
digestibility even in lat e Sep t ember . The shrubs averag e d about 14% 
crud e protein for all dates. The g rasses and some of the £orbs, 
ho wever , went down to about 7% crude protein in late September. Even 
this l ow va lue is still within the maintenance requiremen t s fo r adult 
mule deer (Die tz 1965). All of the plan t s were still g r een and growing 
in September, so ruminants would still be able to select a high-quality 
di e t. Moreover, the samples analyzed for t his study probably had a 
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higher proportion of less nutriti ous stem to l eaves than that of an 
animal's diet, which would result in lower forage quality for hand-
plucked samples than the forage s e lected by the animals (Van Soest 
1982). So, even though this study showed that burning does not l ead t o 
dr a mati c in c r eas es in forage quali t y !£.!:.~ same species , the aspen 
t ype is a very nutritious and valuable forage resource and should not, 
as a t ype, be a llowed to succeed t o con i fers • 
.• 
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CONCLUSIONS 
This study showed that prescribed burning did tend to increase 
forage quality of species occurring on both burned and adjacent 
nonburned sites, but only briefly. Crude protein levels were increased 
on burned sites the first year after burning for several shrub species. 
There was also some increase in digestibility and phosphorus and 
decreased Ca/P ratios the first year, but these did not exist past the 
middle of August, 1982, except in a few cases . The second year after 
burning, 1983, there were some decreases in forage quality. Pinegrass 
had lower digestibility and crude protein levels , possibly due to rapid 
maturation and extensive seed production on the burned areas. Most of 
the forages, however, had no significant diffe r ences in quality the 
second year . 
Prescribed burning in the aspen ecosystem is beneficial to both 
wild and domestic ruminants . Burning resulted in a change in forage 
class dominance. Mallow and fireweed colonized the burns profusely and 
proved to be a very nutritious and palatable forage. These species 
were not present on the unburned sites. Burning also resulted in the 
reduction of obstructions due to dense matts of shrubs that typically 
occur under aspen stands. Ease of passage and accessibility to 
preferred forage for at least the first couple of years after burning 
was thus greatly improved for the ruminants . Height of available 
forage was also within the reach of all ruminants, even sheep. 
Thus, while this study showed that burning did not consistantly 
improve forage quality of ind i vidual forage species , it did show that 
prescribed burning is a usef ul t oo l to improve habitat and forage 
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availability. Burning also increased forage diversity and edge , which 
are especially important t o wild ruminants. 
65 
LITERATURE CITED 
Ahlgren,I. F. 1974. The effect of fire on soil organisms. p . 47-72 . 
In: T. T . Kozlowski and C. E . Ahlgren (eds . ), Fire and 
Ecosystems . Academic Press Inc., New York. 
Ahlgren, I . F., and C. E . Ahlgren. 1960. Ecological effects of forest 
fires. Bot Rev. 26:483-533. 
Ahlgren, I. F., and c. E. Ahlgren. 1965. Effects of prescribed 
burning on soil microorganisms in a Minnesota jack pine forest . 
Ecology 46:304- 310. 
Allen, S. E., H. M. Grimshaw, J. A.Parkinson, and C. Quarby. 1974. 
Chemical analysis of ecological materials. John Wiley & Sons, 
Halsted Press, New York. 565 p. 
Asherin, K. A. 1973. Prescribed burning effects on nutrients, 
production and big game use of key northern Idaho browse species. 
Ph.D. Thesis. University of Idaho, Moscow. 96 p. 
Assoc. Official Agricult. Chemists . 1965. 
analysis. lOth E. Pub. by A.O .A.C . 
Official methods of 
Bartos, D. L. 19 78 . 
208-211. In: 
Congress. 
Modeling plant succession in aspen ecosystems. p. 
Proceedings of First International Rangeland 
Barsch, B. K. 1977. Distribution of the Coues deer in pinyon stands 
after a wildfire. M.S. Thesis. Univ . of Arizona, Tucson. 52p. 
Bendell, J. F. 1974. Effects of fire on birds and mammals. p . 73-
138. In: Fire and Ecosystems. T. T Koslowski and C. E. Ahlgren, 
ed . Academic Press Inc., New York. 
Betters, D. R. 1976. Guidelines for aspen management. p. 105-110. 
In: Utiliza ti on and marketing as tools for aspen management in 
the Rocky Mountains. USDA For. Serv. Gen . Tech. Rep. RM-29. 
Rocky Mtn. For. and Range Exp. Sta. 120p. 
Biswell, H. H. 1972. Fire ecology in ponderosa pine grasslands. 
Annu. Tall Timbers Fire Ecol. Conf. 12:69-96. 
Blood, D. A. 1966. Range relationships of elk and cattle in Riding 
Mountain National Park, Ma nitoba. Wildl. Manage . Bull. 1(19). 
Ottawa:Can . Wildl. Serv. 62p. 
Brooks, J., and P. J. Urness. 19 84 . Comparison of in vivo and in vitro 
digestibility of forages by e l k . J. Anim. Sci . 58:963-970 . 
Brown, J. K., and N. V. De By l e . 1981. Study Plan: Prescribed 
fire in the western aspen ecosystem: 
postburn vegetative respon se . 
Sta . 27 p. (typescript) . 
66 
Prescription development and 
Inter. For. and Range Exp. 
Brown, J. K. , N. V. DeByle and D. Simmerman. 1983. Progess report 
number 2: Prescribed fire in the western aspen ecosystem--
prescription development and postburn vegetative response. Inter. 
For. and Range Exp. Sta. 32p. (typescript) . 
Chapin, F. S., III, and K. Van Cleve. 1978. Plant nutrient absorption 
and retention under differing fire regimes . p. 301-321. In: Fire 
regimes and ecosystem properties. USDA For. Serv. Gen. Tech. Rep . 
W0-26 . 
Chapin, F. S. , K. Van Cleve, and L. L. Tiezen. 1975. Seasonal 
nutrient dynamics of tundra vegetation at Barrow, Alaska. Arct. 
Alp. Res. 7:209 - 226 . 
Chapman, H. D. , and P. F . Pratt . 1961. Methods of analysis of soils, 
plants and water . Univ. Calif., Riverside. 309 p. 
Christensen, N. L. 1977. Fire and soil-plant nutrient relations in a 
pine-wiregrass savanna on the coastal plain of North Carolina . 
Oecologia 31:27-44 . 
Collins, W. B. 1979. Feeding behavior and habitat selection of deer 
and elk on northern Utah summer range. Ph . D. Diss., Ut ah State 
Univ., Logan. 113p. 
Cook, C. W. , and L. E. Ha rri s. 1968. Nu triti ve value of seasonal 
ranges. Utah State Univ. Agr. Exp . Sta . Bull. 472 . SSp. 
Crane, M. F., J . R. Habeck, and W. c. Fisher . 198 3 . Ea rl y postfire 
revegetation in a western Montana Douglas-fir forest. USDA For. 
Serv . Res . Paper . INT-319. Inter . For. and Range Exp . Sta. 32p. 
Curtis, J. D. 1952. Effects of pregermination treatments on the 
viability of ceanothus seeds. Eco logy 33:577-578. 
Curtis, J.D. , and M. L. Partch. 1950. 
production an Andropogon gerardi. 
Some factors affecting flower 
Ecology 31:488-489. 
Daubenmire, R. 1968. Ecology of fire in grassla nds. Adv. Ecol. Res . 
5:209-266. 
Davis, P. R. 1977 . Cervid response to forest fir e and clea r cutting in 
western Wyoming. J. Wildl. Manage . 19:65-70. 
DeWitt, J. B. , and J. V. Derb y, Jr. 1955 . Cha nges in nutritive value 
of br o wse plants following f o rest fires. J . Wildl. Manage. 
19: 65-70. 
67 
Dietz, D. R. 1965. Deer nutrition research in range management. 
Trans. N. Amer. Wildl. and Nature. Resources Con£. 30:274-285 . 
Dietz, D. R. 1972. Nutritive value of shrubs, p. 208-302. In: 
Wildland shrubs-their biology and utilization-An international 
symposium . USDA For. Serv. Gen. Tech. Rep. INT-14. Inter. For. 
and Range Exp. Sta. 94p . 
Dietz, D. R., and R. D. Curnow. 1966. How reliable is a forage 
chemical analysis? J. Range Manage. 19:374-376. 
Dietz, D. R., R. H. Udall, and L. E. Yeager. 1962 . Chemical 
composition and digestibility of selected forage species. Cache 
La Poudre Range, Colorado. Colo. Game and Fish Dep. Tech. Pub. 14. 
89p. 
Duvall, V. L., and L. B. Whitaker. 1964. Rotation burning: 
management system for longleaf pine-bluestem ranges. 
Manage. 17:322- 326. 
a forage 
J. Range 
Ehrenreich, J. H., and J. M. Ackman. 1963 . Effect of burning on 
seedstalk production of native prairie grasses. Proc. Iowa Acad . 
Sci. 64:205-212. 
Einarsen, A. s. 1946. Crude protein determination of deer food as an 
applied managemen t technique. Trans . N. Am. W ildl. Con f. ll :309-
312. 
Epstein, E., 1972 . Mineral nutrition of plants: principles and 
perspectives. John Wiley and Sons, Inc. New York. 412 p. 
Ffolliott, P.R. , and R. E. Thill. 
openings. J. Wildl. Manage. 
1977. Animal use of ponderosa pine 
41:782-784. 
Green, A. w., and D. D. Van Hooser. 1983 . Forest Reso u rces of Rocky 
Mountain Sta t es. USDA For. Serv. Resource Bull. 33. 127 p. 
Greene, S. W. 1935. Relation between winter grass fires and cattle 
grazing in the long-leaf pine belt. J. For. 33:338-34 1. 
Gre l en, H. E. , and E. A. Epps, Jr. 1967 . Season of burning affects 
herbage quality and yield on pine-bluestem range . J. Range Manage . 
20:31-33 . 
Grimm, R. L. 1939. North Yellowstone winter range studies. J . Wildl. 
Manage. 3:295-306. 
Gruell, G. E., and L. L. Loope. 1974. Relationships among aspen , fire 
and ungulate browsing in Jackson Hole, Wyoming. USDA For. Serv. 
Inter. Region Publ. 33 p. 
Gysel, L. W. 1960. An ecological study of the win t er range of elk and 
68 
mule deer in the Rocky Mountain National Park. J . For. 58:696-
703. 
Hadley, E. B. 1970. Net productivity and burning responses of native 
eastern North Dakota prairie communities. Amer. Midl. Natur. 
84:121-135. 
Hale, 0. M., R. H. Hughes, and F. E. Knox. 1962. Forage intake by 
cattle grazing wiregrass range. J. Range Manage. 15:6-9. 
Halls, L. K., B. L. Southwell, and F. E. Knox. 1952. Burning and 
grazing in Coastal Plain forests. Univ. Ga., Coll Agric. Bull. 51. 
33 p. 
Harris, L. E. 1978. Nutrition research techniques for domestic and 
wild animals, Vol. I. Dept of Animal Sci., Utah State University, 
Logan. 
Hayes, G. L. 197 0 . Impacts of fire use on forest ecosystems. p. 99-
118. In: The role of fire in the Intermountain West. Interm. Fire 
Res. Counc. Missoula, Montana. 
Hendricks, J. H. 1977. Control burning for deer management in 
chaparral in California. Proc. Tall Timbers Fire Ecol. Conf. 
8:218-233. 
Hilmon, J. B., and R. H. Hughes. 1965. Forest Service research on the 
use of fire in livestock management in the South. Proc. Tall 
Timbers Fire Ecol. Conf. 4:261-275. 
Hines, w. w. 1973. Black-tailed deer populations and Douglas-fir 
reforestation in the Tillamook burn, Oregon. OR State Game Comm. 
Game Res. Rep. 3. 59p. 
Hobbs, N. T., and R. A. Spowart. 1983. Effects of prescribed fire on 
nutritiori of mountain sheep and mule deer during winter and 
spring. J. Wildl. Manage. 48:551 -560. 
Hoff, C. C. 1957. A comparison of soil, climate , and biota of conifer 
and aspen communities in the central Rocky Mountains. Amer. Midl. 
Natur. 58:115-140. 
Hopkins, B. 1963. The role of fire in promoting the sprouting of 
some savanna. J. West Afr. Sci. Ass. 7:154-162. 
Houston, D. B. 1973. Wildfires in Northern Yellowstone National Park. 
Ecology 54:5):1111-1117. 
Houston, D. B. 1983. The Northern Yellowstone elk. Parts II and IV. 
Vegetation and habitat relations. Yellowstone National Park. 444 
P• 
69 
Hronek, B. B. 1976. Aspen potential-a land manager's viewpoint. p. 
12-14. In: Utilization and marketing as tools for aspen 
management in the Rocky Mountains . USDA For. serv. Gen. Tech. 
Rep. Rm-29. Rocky Mtn. For. and Range Exp. Sta. 120p. 
Jaynes, R. A. 1978. A hydrologic model of aspen-conifer succession in 
the western United States. USDA For . Serv. Res. Pap. INT-213. 17p. 
Jones, J. R. 1974. Silviculture of southwestern mixed conifers and 
aspen: the status of our knowledge. USDA For. Serv. Res. Pap. 
RM-122. Rocky Mtn. For. and Range Exp . Sta. 44p . 
Jorgensen, J . R., and C. G. Wells . 1971. Apparent nitrogen fixation 
in so il influenced by prescribed burning. Soil Sci. Soc . Proc. 
35 : 806- 810. 
Komarek, E. V. 1967. Fire and the ecology of man. Proc. Annu . 
Tall Timbers Fire Ecol. Conf. 6:161-207 . 
Kranz, J. J ., and R. Linder. 1973. Value of Black Hills forest 
communities to deer and cattle. J. Range. Manage. 26:263- 265. 
Krebill, R. G. 1972. Mortality of aspen on the Gros Ventre elk winter 
range. USDA For. Serv. Res. Paper. INT-129. 16 p. 
Kroneman, L. A .. 
after fire. 
1982. Nutritional changes of selected wildlife browse 
M.S. Thesis. Texas Tech University, Lubbock. 72 p. 
Kruse, W. H. 1972. Effects of wildfire on elk and deer use of a 
ponderosa pine forest . USDA For. Serv. Res. Note RM-226. 4p. 
Lay, D. W. 1957. Browse quality and the effects of prescribed burning 
in southern pine forests. J . For. 65:826-828. 
Leege, T. A. 1969. Burning seral brush ranges for big game in 
northern Idaho. Trans. N. Amer. Wildl. Nat. Resour . Con£ . 
34:429-438 . 
Lemon, P. C. 1949. Successional responses of herbs in the longleaf-
slash pine forest after fire. Ecology 30:135-145. 
Lemon, P. C. 1968. Effects of fire on an African plateau grassland . 
Ecology 49:316-322. 
Lewis, C. E. 1964. Forage response to month of burning. USDA For. 
Serv . Exp. Sta. Res . Note SE-35 . 4p . 
Lewis, C. E. , and T. J. Harshbarger . 1976. Shrub and herbaceous 
vegetation after 20 years of prescribed burning in the South 
Carolina Coastal Plain. J. Range Manage. 29:13-18. 
Lloyd, P. S. 1 9 7 2. Effects of fire on a Derbyshire grassland 
70 
community. Ecology 53:915-920. 
Loneragan, J . F ., and C. J. Asher . 1967. Response of plants to 
phosphate concentration in solution culture. II. Rate of 
phosphate absorption and its relation to growth. Soil Sci. 
103:311-318. 
Lowe, P. 0 ., P. F. Ffoliott, J. H. Dieterich, and D. R. Pat t on . 1978. 
Determining potential wildlife benefits from wildfire in Arizona 
ponderosa pine forests. USDA For Serv. Gen. Tech . Rep . RM-52 . 
Rocky Mtn . For . and Range Exp . Sta . 12 p . 
Lyon, L. J., and P. F . Stickney. 1966. Two fo r est fires and some 
specific implications in big game habitat management . Proc . West . 
Assoc. State Game and Fish Comm. 46:18 1-193. 
Martin, R. E. 1981 . Prescribed burning techniques to maintainor 
improve soil productivity. p. 66 - 70. In: Hobbs, S. D.; 
Helge rs on, 0 . T. eds. Reforestation of skeletal soils: 
Proceedings of a workshop. 
Martinka, C. J. 19 76. Fire and elk in Glacier National Park. Tall 
Timbers Fire Ecol. Conf Pro~ 14:377 - 389. 
McCalla, T. M. 1943. Microbiological studies of the effect of straw 
used as a mulch . Tran. Kans. Acad . Sci. 43:2-56 . 
McCulloch, c. V. 19 68. Transplanted mule deer in Arizona . J . of the 
Ar iz. Acad . of Sci. 5:43-44. 
McCulloch, C. V. 1969. Some effects of wildfire on de e r habitat in 
pinyon-juniper woodland. J. Wildl. Manage . 19:37 3-37 4. 
McGinty, A., F. E. Smeins, and L. B. Merrill. 1983. Influence of 
sp ri ng burning on cattle diets a nd performance on the Edwards 
Plateau. J. Range Manage. 36:175-178. 
McKee, W. H. 1982. Changes in soil fertility following prescribed 
burning on Coastal Plain pine s ites. USDA For. Serv. Pape r SE -
234 . 23p. 
Sf."<, 
Meenely, s. C., and s. c. Schemnitz. 1981 . Chemical composition and 
in vitro digestibilit y of dee r browse three yea r s af ter a 
wildfi r e . Sou thwestern Nat. 26 :365-374. 
Milthorpe, F . L., and J. Moorby. 1974. An introduction t o crop 
physiology . Cambridge Univ. Press, Cambridge. 208p. 
Morgan, M.D. 1969. Ecology of aspen in Gunnison County, Colorado . 
Amer . Mid l. Natur. 82 : 204-228. 
Mooney, H. A. 1972. The carbon balance of plants. Annu . Rev. Ecol. 
71 
Syst. 3:315-346. 
Moore, J. E. 1970. Procedures for the two-stage in vitro digestion of 
forages. p. 5001-5006. In: L. E. Harris (ed.), Nutrition 
Research Techniques for Domestic and Wild Animals, Vol. I. 
Dept. of Animal Sci., Utah State University, Logan. 
Mueggler, W. F. 1976. Type variability and succession in Rocky 
Mountain aspen. p. 16-19. In: Proc. of Utilization and Marketing 
as Tools for Aspen Management in the Rocky Mountains Symposium, 
USDA For. Serv. Res. Paper. RM-29. 
Mueggler, W. F., and R. B. Campbell. 1982. Aspen community types on 
the Caribou and Targhee National Forests in Southeastern Idaho. 
USDA For. Serv. Gen. Tech. Rep. INT-294. Inter. For. and Range 
Exp. Sta. 32p. 
Neter, J., and W. Wasserman. 1974. Applied linear statistical models. 
R. D. Irwin, Inc. Homewood, Illinois. 474p. 
O'Connor, K. F., and A. J. Powell. 1963. Studies in the management of 
snow-tussock grassland. I. The effects of burning, cutting, and 
fertilizer on narrow-leaved snow-tussock at a mid-altitude site in 
Canterbury, New Zealand. N. z. J. Agr. Res. 6:354-367. 
Odum, E. P. 1969. The strategy of ecosy"~tem development. Science 
64:262-270. 
Old, S. M. 1969. Microclimates, fire and plant production in an 
Illinois prairie. EcoL Monogr. 39:355-384. 
Orians, G. H., and 0. T. Solbrig. 1977. A cost-income model of leaves 
and roots with special references to arid and semi-arid areas. 
Am. Nat. 111:677-690. 
Packard, F. M. 1942. Wildlife and aspen in Rocky Mountain National 
Park, Colorado. Eco logy 23:478-482. 
Pallesen, J.D. 1979. Nutritive value of mule deer and elk diets and 
forages on lodgepole pine summer range in Utah. M.S. Thesis, 
Range Sci. Dept., Utah State Univ. 111 p. 
Parrot, R. T. 1967. A study of wiregrass (Aristida stricta Michx.) 
with particular reference to fire. M.A. Thesis. Duke University. 
Durham, North Carolina. 
Patton, D. R. and H. D. Avant. 1970. Fire stimulated aspen sprouting 
in a spruce-fir forest in New Mexico. USDA For. Ser. Res. Note 
RM-159. Rocky Mtn. For. and Range Exp. Sta. 3p. 
Pearson, H. A., J. R. Davis, and G. H. Schubert. 1972. Effects of 
wildfire on timber and forage production in Arizona. J. Range 
72 
Manage. 25:250-253. 
Quick, C. R. 19 59. Ceanothus seeds and seedlings on burns. Madrona 
15; 79-81. 
Ralston, R. D., and R. L. Dix. 1966. Green herbage production of 
native grasslands in the Red River Valley-1965. Proc . N. Oak. 
Acad. Sci. 20:57-66. 
Ratcliff, H. M. 1941. Winter Range Condi tions in Rocky Mountain 
National Park. Trans. N. Am. Wildl. Conf. 6:132-139. 
Regelin, W. L., and 0. C. Wallmo. 1978. Duration of deer forage 
benefits after clearcut logging of subalpine forest in Colorado. 
USDA For. Serv. Res. Note RM-356. Rocky Mtn. For. and Range Exp. 
Sta. 4 p. 
Reynolds, H. G. 1969. Aspen grove use by deer, elk, and cattle in 
Southwestern forest lands. J. of For. 65:545-547 
Reynolds, H. G., and A. w. Sampson. 1943. 
browse for deer. J . Wildl. Manage. 
Chaparral crown sprouts as 
7:119-122. 
Rappe, J. A., and D. Hein. 
lodgepole pine fares t. 
19 78. Effects of fire on wildlife in a 
The Southwestern Nat. 23:279 -2 88. 
Rundel, P. W., and D. J. Parsons. 1980. Nutrient changes in two 
chaparral shrubs along a fire-induced age gradient. Amer. J. Bot. 
67:51-58. 
Severson, K. E., and A. L. Medina. 1983. Deer and elk habitat 
management in the southwest. J . Range Manage. Mon. 2. 64p. 
Sharrow, S. H., and H. A. Wright. 1977. Effects of fire, ash and 
litter on soil nitrate, temperature, moisture and tobosa grass 
production in the Rolling Plains. J. Range Manage. 30:266-270. 
Shepherd, W. 0., B. L. Southwell, and J. W. Stevenson. 1953. Grazing 
longleaf-slash pine forests, USDA Circ. 928. 31 p. 
Spurr, S. H., and B. V. Barnes. 1977. Forest Ecology. John Wiley and 
Sons, Inc. New York. 687 p. 
Stark, N. 1973. Nutrient cycling in a Jeffrey pine ecosystem. 
Montana For. and Range Exp. Sta. 9 p. 
Stark, N. 1980. Light burning and the nutrient value of forage. USDA 
For. Serv. Res. Note INT-28 0. 7 p. 
Stark, N. and R. S. Steele. 1977. Nutrient content of forest shrubs 
following burning. Am. J. Bot. 64:1218-1224. 
72 
Manage. 25: 2 50-2 53. 
Quick , C. R. 1959. Ceanothus seeds and seedlings on burns. Madrona 
15:79-81. 
Rals ton, R. D., and R. L. Dix. 1966. Green herbage production of 
native grasslands in the Red River Valley-1965 . Proc . N. Dak. 
Acad . Sci. 20:57-66. 
Ratcliff, H. M. 1941. Winter Range Conditions in Rocky Mountain 
National Park. Trans . N. Am . Wildl. Conf. 6:132-139 . 
Regelin, W. L., and 0 . C. Wallmo. 1978 . Duration of deer forage 
benefits after clearcut logging of subalpine forest in Colorado. 
USDA For. Se r v. Res. Note RM-356. Rocky Mtn. For. and Range Exp . 
Sta . 4 p. 
Reynolds, H. G. 1969. Aspen grove use by deer, elk, and cat t le in 
Southwestern forest lands . J . of For . 65:545- 547 
Reynolds, H. G., and A. W. Sampson. 1943. 
browse for deer. J . Wildl. Manage . 
Chaparral crown sprouts as 
7:119-122. 
Rappe, J . A., and D. Hein. 
lodgepole pine forest. 
1978 . Effects of fire on wildlife in a 
The Southwestern Nat . 23:279-288 . 
Rundel, P. W., and D. J . Parsons . 1980. Nut ri ent changes in two 
chaparral shrubs along a fire-induced age gradient . Amer. J . Bot. 
67:51-58 . 
Severson, K. E., and A. L. Medina. 1983 . Deer and elk habitat 
management in the southwest. J. Range Manage . Mon. 2 . 64p . 
Sharrow , S. H., and H. A. Wright. 1977. Effects of fire, ash and 
litte r on soil nitrate, temperature, moisture and tobosa grass 
production in t he Rolling Plains . J . Range Manage . 30:266-2 70. 
Shepherd, W. 0., B. L. Southwell, and J . W. Stevenson . 195 3 . Grazing 
l ongleaf-slash pine forests, USDA Circ. 928. 31 p. 
Spurr, S. H. , and B. V. Barnes. 1977 . Forest Ecology. John Wiley and 
Sons, Inc. New York. 687 p. 
Sta r k, N. 1973. Nutrient cycling in a Jeffrey pine ecosystem . 
Montana For. and Ra nge Exp. Sta. 9 p. 
Stark, N. 1980. Light burning and the nutrient value of forage. USDA 
For . Se rv. Res . Note INT-2 80 . 7 p . 
Stark, N. and R. S. Steele. 19 77 . Nutrien t content of forest shrubs 
following burning. Am. J. Bot. 64:1218-1224. 
73 
Steele, R., S. V. Cooper, D. M. Ondov, D. W. Roberts, and R. D. 
Pfister. 1983. Forest habitat types of eastern Idaho-western 
Wyoming. USDA For. Serv. Res. Pape r. INT-144. Inter. For. and 
Range Exp. Sta. 122 p. 
Stransky, J. J., and L. K. Halls. 1978. Browse quality affected by 
pine site preparation in east Texas. Proc. Annu. Con£. Southeast 
Assoc. Fish and Wildlife Agencies. 30:507-512. 
Stransky, J. J., and R. F. Harlow. 1981. Effects of fire on deer 
habitat in the Southeast. p. 135-145. In: Prescribed fire and 
wildlife in southern forests. Proceedings of the symposium. 
Myrtle Beach, South Carolina. 
Swank, W. G. 1958. The mule deer in Arizona chaparral. Wildlife 
Bull. Ariz. Game and Fish Dep. 109p. 
Taber, R. D., and R. F. Dasmann. 1958. The black-tailed deer of the 
chaparral. Calif. Dept, Fish and Game Bull. No. 8. 
Thackston, R. E., P. E. Hale, A. s. Jo hnson, and M. J. Harris. 1982 
Chemical composition of mountain-laurel kalmia leaves from burned 
and unburned sites. J. Wildl. Manage. 46:492-495. 
Tilley, J. M., and R. A. Terry. 1963. A two-stage technique for the in 
vitro digestion of forage crops . J. Brit. Grassland Soc. 
18:104-111. 
Urness, P. J. 1973. Part II. Chemical analyses and in vitro 
digestibility of seasonal deer forages. p. 39-52. In: Deer 
nutrition in Arizona chaparral and desert habitats. Spec. Rep. 3 . 
Ariz. Game and Fish Dep., Phoenix. 
Van Soest, P. J. 
Books, Inc. 
1982. Nutritional ecology of the ruminant. 
Corvallis, Oregon . 373p. 
0 & B 
Viro, P. J. 1974. Effects of forest fire on soil. p. 7-54. In: Fire 
and Ecosystems. T. T. Kozlowski and c. E. Ahlgren, eds. Academic 
Press, New York. 
Vlamis, J., and K. D. Cowan. 1961. Availability of nitrogen, 
phosphorus and sulfur after brush burning. J. Range Manage. 
14:38-40. 
Vogl, R. J. 1965. Effects of spring burning on yields of brush 
prairie savanna. J . Range Manage. 18:202-205. 
Vogl, R. J. 1969. One hundred and thirty years of plant succession in 
a southeastern Wisconsin lowland. Ecology 50:248-255. 
Vtousek, P. M., and W. A. Reiners. 1975. Ecosystem succession and 
nutrient retention: A hypothes is. Bioscience 25:376-381. 
74 
Wallmo, 0 . C., L. H. Carp e nter, W. L. Regelin, R. B. Gill, and D. L. 
Baker. 1977. Evaluation of deer habitat on a nutritional basis. 
J . Range Manage. 30:122-127. 
Weaver, H. 1974. Effects of fire on temperate forests: Western 
United S t ates. p. 279-320 . In: T. T. Kozlowski and C. E. 
Ahlgren (eds.), Fire and Ecosystems. Academic Press, Inc . New 
York . 
Wilson, J. R. 1982. Environmental and nutritional factors affecting 
forage quality. p . 111-131. In: J . B. Hacker (ed.) Nutritional 
limits to animal production from pastures . Proceedings from an 
international symposium, Queensland, Australia. 
White, R. E. 1973 . Studies on mineral ion absorption by plants. II. 
The interaction between metabolic activity and the rate of 
phosphorus uptake. Plant and Soil 38:509- 523. 
Woodmansee, R. G., and L. S. Wallach. 1978 . Effects of fire on 
biogeochemical cycles. p. 379-400. In: Fire regimes and 
ecosystem properties. USDA For. Serv. Gen Tech. Rep. W0-26 . 
Wright, H. A. 1969. Effect of spring burning on tobosa grass . J . 
Range Manage. 22:483-533. 
Zinke, P. J. 1977. Mineral cycling in fire-type ecosystems. p. 85-
94. In: H. A. Mooney and C. E. Conrad (Tech. Coord . ) 
Proceedings of the symposium on the environmental consequences of 
fire and fuel management in Mediterranean ecosystems. Palo Alto, 
California . 
